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VALVES HOLDERS 
= INOW 
CONOMIUG WN 
WIRY SUWAGEY 


>20 x 10!2 Q (at 500 V d.c.) Low moisture absorption, high insulation and 
BREAKDOWN VOLTAGE BETWEEN 
CONTACTS : >3°5 kV d.c. 


CONTACT RESISTANCE: <4 milliQ ceramic valveholders the obvious choice, and 
CAPACITANCE: ‘ ‘ . 
<0.5 pF pin-to-pin at 1 Me/s Plessey can offer a wide range at attractive prices. 


resistance to temperature make high stability 


ceramic ,*= ) 4-39 valveholders 


CHEMICAL AND METALLURGICAL DIVISION - COMPONENTS GROUP 
THE PLESSEY COMPANY LIMITED - WOOD BURCOTE WAY - TOWCESTER - NORTHANTS 


Plessey TELEPHONE: TOWCESTER 312 


Overseas Sales Organisation: PLESSEY INTERNATIONAL LIMITED « ILFORD ~ ESSEX - ENGLAND - TEL: ILFORD 3040 
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NEW Triode Tetrode Specially Designed 
for 110° Frame Deflection 


EDISWAN MAZDA 30PL13 

For the information of set designers we are publishing details of 
individual 0.3 amp heater valves in our ‘First Preference’ Range for TV 
circuits. If you are a TV manufacturer we shall be pleased to supply full 
technical details of our ‘First Preference’ Range, together with a set of 
valves for testing, on receipt of your enquiry. 


The 30PL13 is a triode-output tetrode valve combination for 
use in the frame deflection circuit of a television receiver. 


The tetrode section is capable of delivering very high peak 
currents. This enables 110° cathode ray tubes operated at 15 to 16 kV 
to be scanned with H.T. supplies as low as 190 volts. 

The triode is a general purpose type with identical characteristics 
to the 6/30L2 and may be used in the saw tooth generator circuit. 
(Characteristic curves for the 6/30L2 were published in the January 
issue.) 


Heater Current (amps) In 0.3 
Heater Voltage (volts) Vi 16 


MAXIMUM DESIGN CENTRE RATINGS 
Tetrode Triode 






































































Anode Dissipation (watts) Paimax) 7.0 1.0 
Screen Dissipation (watts) Pe2imax) 2.4 1 
é A a(max) 25 25 P <a ° . 
Anode Voltage (volts) ¥ ad 30 Tentative Characteristic Curves of Ediswan Mazda Valve 
Peak Anode Voltage (Pulse Type 30PL13 
Positive) (kV) Val pk)max 2.0* — aiid 
Peak Anode Voltage (Pulse ] eT, ' ' 
Negative) (kV) Va(pk)max 0.5* -- | es st 
Screen Voltage (volts) Vg2imax) 250 — | 
Heater to Cathode Voltage | 
(volts) (r.m.s.) Vh-kimasjrams. 150F 150+ 
Mean Cathode Current (mA) Ik(avymax 75 - } az 
Gri aes ANODE CURRENT 3 
rid 1 to Cathode Resistance SCREEN CURRENT--—=- | < 
(Self Bias) (MQ) Rgi-kq(max) 2 — | x = 
*Maximum pulse duration 4%, of one cycle with a maximum of | So = 
800 microseconds. | Y Jt 
+ Measured with respect to the higher potential heater pin. S Z 
Ct a 
TRIODE CHARACTERISTICS 7 Ss 
Anode Voltage (volts) Va 200 . 
Anode Current (mA) la 10 ui 
Mutual Conductance (mA/V) 2m 3.4 4 
Amplification Factor rm 16 Va=Vg.=100V | ] a 
| —— Va=Vg,=150V —] 9 
TETRODE OPERATION IN FRAME TIME BASE Va=Vg,—170V < 
Allowance must be made in circuit design, not only for component ‘ 5 
variation, but for valve spread and deterioration during life. Values of fe) 
total tetrode peak anode current, for an average valve when new and at < 
the assumed end-of-life point for any valve, are as follows: 
Va Vee Ve1 la 
(V) (Vv) (VY) (mA) 
Average new valve 55 170 —l 175 
Assumed end-of-life condition 50 170 —I1 110 —@ <6 << =< -a =e 


MAXIMUM DIMENSIONS a a 








Overall Length (mm) 78.5 BASE: Noval—B9A 
Seated Height (mm) 74.5 TETRODE SECTION 
Diameter (mm) 22.2 y | 
Qq at < 
= 
| 
= 
92 g a 
9; : 5S 
U 
NS = 
kg.bps h t < 
VIEW OF FREE END 0 0 20 0 sas = oe 





ANODE VOLTAGE—VOLTS 
SIEMENS EDISON SWAN LIMITED 


An A.E.1. Company E D é SWAN 
Technical Service Department, 155 Charing Cross Rd., London WC2. 


Telephone: GERrard 8660. Telegrams: Sieswan, Westcent, London. MAZDA 
CRC 15/37 
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ELECTRONIC EQUIPMENT 
AND ENCAPSULATED COMPONENTS 





RECTIFIER 
UNIT 


Illustrating the potting of 
silicon junction diodes, the 
diodes being assembled on to 

a standard international octal FIELD CABLE 
valve base thus providing a TEST SET 
plug-in rectifier capable of 
.25 A.D.C. current with 

a P.I.V 800-800. 









P.O. TRANSISTOR 


AMPLIFIER This tester 
locates the 
An example of the design position of 
and manufacture of breaks or 
an encapsulated transistor short circuits 
amplifier in epoxy resins. in sheathed multiple 


conductor cables to within 
a fraction of an inch. 





* We are exhibiting at the International Convention and 
Exhibition of Transistors at Earls Court 21st-27th May on Stand No. 77 


WHITELEY ELECTRICAL RADIO CO LTD - MANSFIELD NOTTS 





THE TREND TOWARDS 





To meet the increasing demand for miniaturisation combined 
with accuracy, we are producing highly stable precision wire- 
wound resistors of minute di i to dard specification. 
Please write for further details. 





@ DIMENSIONS 3” long by °/;,” diameter. Axial leadouts 
20 s.w.g. tinned copper wire 2}” long. 


@ Standard Tolerances set at 20°C.: 1%, 0.5%, 0.25% 
and 0.1%. 


@ ANY VALUE can be supplied in the Resistance Range 
100 ohms to 500K ohms. 


@ Rating } watt. 


@ Guaranteed Temperature Coefficient better than 0.002% 
per °C. over the whole resistance range. 


@ Specially selected wire is sealed against humidity in a 
resin which can withstand temperatures of over 150°C. 


@ Precision Component designed and manufactured for 
consistent accuracy. 


Standard products include 2W, 1W, }W and }W precision 
wirewound resistors in the range 0.1 ohms to 10 megohms. 
Higher values can also be produced to order. 























INTERNATIONAL TRANSISTOR 

G{ COMPONENTS LTD ce me 

. STAND 49 
551, HOLLOWAY ROAD, LONDON, N.19 Rinks Cause 

Telephone: ARCHWAY 0014/5 May 2i-27 - 1959 

EE 9005 for further details 
LEG 0ts 
MAY 1959 se FP EEE 7 3 ELECTRONIC ENGINEERING 











EE 9006 for further details 





















20A at up to 460V .. . Honeywell 
industrial switches controla 

working pressure of 1300 tons in 

the British Clearing Press 
manufactured by Vickers-Armstrongs 
(Engineers) Limited. A wide variety 
in the design of industrial switches 
permits the use of this one range 
throughout an entire plant. 


Hospital hygiene—maintained 

for all assembly operations— 
sustains the quality of 

Honeywell Micro Switches. 
Anti-dust measures include 

air conditioning, vacuum cleaning, 
dust-trap entrances and 

nylon clothing. 


E.E. 


Providing outstanding service wherever 
trouble-free operation is essential, 
| Honeywell Micro Switches will operate 
| successfully under the most arduous conditions. 
| Their rugged construction ensures a 
lasting precision. Their electrical and 
| mechanical versatility anticipates the 
| most varied needs. They offer users 
a inbieee | all the advantages of micro switches 
| 
| 
| 
| 


r-—-------- 


WRITE OR SEND COUPON TODAY 
Please tick those applicable. 


Catalogue 62A—Genera] purpose switches 
Catalogue 74—V3 switches 

Catalogue 75—Sub miniature switches [ 
Catalogue 83—Industrial enclosed switches Oo 
Aircraft switch data sheets oO 


Name 


designed and manufactured to meet the 
most exacting requirements. 


Address. 


HONEYWELL CONTROLS LTD. 
Ruislip Road East, Greenford, Middlesex 


Telephone: Waxlow 2333 Honeywell 


Expert engineering service available from offices in the Fist uk Miow Quwitthe 
principal cities of U.K. and throughout the world. | 
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EKGO electronics 


, announce 

new fully-transistorised 
Thermocouple Trip 
Amplifier 





m= Upper trip setting, normally 0-250°C, may readily be extended to 1200°C. 
Accuracy better than 0.4% of trip temperature over whole range— 
maintained over extended ranges. 


Alarm accuracy better than 2% of meter range. 
Response time less than 0.2 seconds. 
Indefinite life. 


Small in size (4” x 8?” high): four units complete with power packs fit 
standard 19” rack panel 8?” x 13’. 








The Ekco range of reactor instruments also includes the following :— 


Reactor Period Meters with alternative ranges. Effluent Monitor. 

Reactor Power Error Meter. Battery Box Assemblies. 

Resistance Thermometer Trip Unit. Logarithmic Gamma Health Monitor (installed). 
Shut-Down Amplifier (with start-up facilities Slow Neutron Survey Meter (portable). 


and shut-down state trip). 


Fast Neutron Monitor (installed). 
( a) Decade Voltage and Current Generator 
Misalignment Indicator (for coarse control arms). (general purpose test unit). 


Leak Indicator (for external heavy water leak). Reactor Period Meter Test Unit. 


© EKGO electronics 


ahead in instrumentation 


Beta-gamma Survey Meters (portable). 


EKCO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX - Telephone: Southend 49491 


MAY 1959 5 ELECTRONIC ENGINEERING 





EE 9008 for further details 


We’re old hands at straightening out relay problems. 

After all, we’ve been designing and making them for 
years (over 50 in fact)—big ones, little ones, sensitive 
ones, general purpose ones; open, dust protected and 
hermetically sealed, high current, low capacitance, high 
*g’—in fact the lot. 

We admit that we can’t always come up with the 
answer off the shelf—who can with daily developments 














Here are a few of our current miniatures 


in electronics, radar, airborne equipment, nucleonics, 
reactor instrumentation, etc.? But all of these industries 
are continually finding Ericsson relays the perfect answer 
to their problems. 

If you are stuck with a very special project and are 
behind schedule, let us lend you an expert hand. 

Help us to help you—give us as much information as 
possible, for an early solution. 




















POLARIZED RELAY 
Versatile, sensitive 
and stable. Available 
with one or two 
change-over contacts. 
Dust cover or her- 
metically sealed. Long 
or short frame models. 


TYPE 1A RELAY 
Highly sensitive — 
non-polarized type 
with balanced moving 
system for high ‘g’ 
performance. Her- 
metically sealed. With 
one change-over. 


TYPE 2 RELAY 
General purpose type 
with balanced mov- 
ing system. Normal 
and heavy ry ! con- 
tacts up to 4 change- 
overs. Hermetically 
sealed. 


G.P. RELAY 

For general purpose ap- 
plications. Multi-contacts 
up to 4 units. Open, dust 
cover or _ hermetically 
sealed with normal, 
heavy duty or low capa- 
citance contacts. 


Full details of these and other relays can be obtained from: 


MGL RELAY 
Specially designed for 
electronic and nu- 
cleonic applications. 
One change-over con- 
tact. Fits B7G base. 
Also available with 
metal can. 


ELECTRO-MECHANICAL DIVISION 
BEESTON - NOTTINGHAM - ENGLAND 


ELECTRONIC ENGINEERING 


ERICSSON 


Ericsson Telephones Limited 
Head Office : 22 Lincoln's Inn Fields 
London, W.C.2. Tel. HOLborn 6936 
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D YWYRAGLAS peserniion 


xa STAND 207 


TAPES 


for Electrical 


Insulation 


Duraglas Tapes are woven from 
continuous filament “E” glass yarns 
having an alkali content of less than 1%. 
They are available in a wide range 

of widths and thicknesses. 

DURAGLAS tapes have many applications 
within the Electrical Insulation 


field such as; conductor insulation, coil 





he:  f ®., ; is sts , ON ‘ wrappings, core bindings, mechanical 
” Rp, Ls . Nes tes er % 
“Sy “ ae \ Vie : 






reinforcements, cable wrappings and heat 





resistant protective coverings. 
Please send for a copy of our fully 


descriptive leaflet reference D1/137. 


PYROFLEX 


ASBESTOS LISTING TAPES 





Careful selection and purification of 
the fibres imparts superior 
electrical properties to ““Pyroflex”’. 
That is why “‘Pyroflex” Asbestos 
Tapes will continue to satisfy 

the majority of electrical 
insulation requirements. 


eer ia eemmatem ASBESTOS CO. LTD. 


A Member of the Turner & Newall Organisatior ROCHDALE ENGLAND 
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AU Ty Tel ele RVANC SS 
RECORDING 


7296 GS gEaps 


Special designs are prepared from customer’s specifications of electrical 
and mechanical characteristics. Variations from the standard designs 
may be made in the following dimensions;— 















(a) Number of tracks per head 
(b) Track width 

(c) Track separation 

(d) Gap length 

(e) Pole length 

(f) Number of turns per track 


(g) Overall and mounting dimensions 


Wait 


Features of Gresham Recording Heads; 

















(a) Efficiency is maximised by core and coil designs which reduce losses 
arising from eddy currents, leakage inductance and coil resistance. 


(b) Cross-talk and hum pick-up are minimised by the use of balance 
windings, inter-track screens and an outer shielding can. 


(c) Versatility is increased by the use of four terminals per track (one 
pair per coil). Each coil is insulated for 500 volts. 


(d) Track alignment accurate to within 0.0001 inch. 
(e) Track spacing from base accurate to within 0.001 inch. 
(f) Azimuth and elevation accurate to within 0.0001 radian. 











CRE SHAM 


GRESHAM DEVELOPMENTS LTD 


THIRLESTANE HOUSE - 195 UXBRIDGE ROAD 


HAMPTON HILL ' MIDDLESEX 
TELEPHONE MOLESEY 4540, 6211: 3059 
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PRODUCTION GONTROL 


by 
VISUAL INSPECTION 
of 


FREQUENCY CHARACTERISTICS 





rn 
_ The Frequency Reabonee feacon ‘aips: , 








oo 4107 “4707 enables the frequency charac 
teristic of A.F. devices, such as amp- _ 

lifiers, filters, headphones, micro- 

"phones, hearing aids etc., to be™ 





Some technical data: 
The Frequency Response Tracer consists of a beat fre- 








quency oscillator and regulating amplifier and a cathode- Cc d in. less than 5 seconds. .-. 
ray oscilloscope with a long persistence 5” screen. The The cy characteristic. appears » 
X-deflection is wee pie 0g ~ anes gy co fre- Jon the screen of a long persistance 
uency sweep of the oscillator, sweepin e frequenc Bs is 

pane iy e ig » road cathode ray tube and’ the instrument: 


range from O—20000 c/s automatically. The Y-deflection 
amplifier has a 50 db logarithmic response. 

Frequency response of the regulating amplifier is better 
than +0.5 db from 50—20000 c/s. 

Frequency response of oscilloscope section: linear to 
within 0.5 db from 50—20000 cis 






. 8 ideal for production gente of high 
49 peoentta Wate 




















dr.: NARUM, DENMARK - Teleph.: NAERUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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ee ®@ a new 
approach 


to better 
listening 


ESSENTIAL DATA 


Nominal Size... nes a ae 
Peak Power Handling Capacity 

25 watts 
Voice Coil Diameter _... ts 
Total Flux... ... 290,000 Maxwells 
Frequency Response 30-15,000 c/s 
Bass Resonance ... oe 35 c/s 
impedance at 400 c/c ... 15 ohms 


CELESTION 


The COLAUDIO 
provides a new incentive 
to listening, creates a new realism 
in reproduced sound, adds a new beauty 
to music and the finer nuances of speech. 
Combining a 15 in. direct radiator bass loudspeaker with 
two direct radiator, pressure-type high frequency repro- 
ducers in column form, the COLAUDIO is the culmination of 
over thirty years research, development and manufacture of 
loudspeakers for all purposes. Its perfection of tone can be 
truly appreciated only by an aural test — once heard, you 
will never be satisfied until you install one in your own 


reproducing equipment. 





COLAUDIG 


Rola CA tien Led. THAMES DITTON, SURREY, ENGLAND. = Emberbrook 3402/6 
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AIRMET 


Time and Frequency 
Measuring Equipment 


The Airmec Time and Frequency Measuring Equipment 
will measure and monitor time intervals from 1 micro- 
second to 10,000 seconds and frequencies from 0 to 31 
Mc/s with an extremely high degree of accuracy. 


SAS LID, 
Lh; 


~“A “a 
fg | 


WS rey ae 


Os? dy 


Time measurements are made by counting the 
number of standard microsecond signals that 
occur during the interval being measured, whilst 
frequency measurements are normally made by 
counting the number of cycles of the input 
frequency that occur during a standard period of 
time. In both cases the results are recorded on an 
electronic counter possessing a display of 
absolutely unique brilliance and clarity. 

The overall accuracy of the equipment is normally 
only limited by the accuracy of the frequency 
standard employed. The Oscillator Type 213 has 
a stability of better than 1 part in 10° and can 
therefore provide accuracies under proper 
conditions approaching 1 part in 10’. 


a 
Pa 
, 
es 
: 


S/// 
4/// 


FEATURES 


Range 0-31 Mc/s, one @ Minimum input level 150 
microsec—10,000 secs. mV. 


Large, clear and brilliant @ Gating periods 100 micro- 

display. secs—10,000 secs. in decade 
Steps. 

Accuracy better than 1 part 

in 10°+ 1 count. @ Mounted on a standard 
19-in. trolley rack. 

Single or repetitive opera- 

tion. @ Constructed on a unit basis. 


Variable display time 0.5-5 
secs. 


DELIVERY EX-STOCK 


MEASURING EQUIPMENT 


AIRMEC LIMITED . HIGH WYCOMBE . BUCKS 
Telephone: High Wycombe 2060 
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—willsave youmany og 
a headache ! | 





Do look into the ‘BAGS’ by STUDYING OUR GATALOGUE 
Radiospares Ltd. 


4-8 MAPLE STREET - LONDON W.I - ENGLAND 
Telephone: EUSton 7232-7 
TELEGRAMS : RADOSPERES, WESDO, LONDON. CABLES : RADOSPERES, LONDON 
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COPPER OXIDE 


RECTIFIERS 














STAND INTERNATIONAL 
TRANSISTOR EXHIBITION 


N° I z Hall D, Earls Court, 2ist-27th May 1959 
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put power w 


Power for many purposes. 

Power to drive your own plant 
efficiently, or to add further 
distinction to the equipment you 
make and sell. Power. 

As much (up to 1 h.p.) or as little 
as you need, in a wide range 

of mountings, but always with the 
reliability for which all 

G.E.C. engineering is famous. 
Power, from sturdy, dependable 
G.E.C. Fractionals. 

Most sizes and mountings are 
held in stock—that’s another 
advantage of 

dealing with the G.E.C, 


Fully detailed illustrated publication on application. 





G.E.C. manufacture many 

types and sizes of fractional motors 
for light industrial and 

domestic drives—whether for your 
plant or products our engineers will 
always be pleased to help 

you choose the right motor 

Sor the job. 


The Busy Bee from &&E.C. 








THE GENERAL ELECTRIC CO. LTD. 


ELECTRONIC ENGINEERING 





MAGNET HOUSE, KINGSWAY, LONDON; W.C.2 


14 


MAY 


1959 





EE —————————— ee 














TF 


GE 


< | 2 O!] | 

















EE 9017 for further details 


BLACKBURN INDUSTRIAL ELECTRONICS 
New Techniques for Industry 


TRANSISTORISED TIMING UNIT 


This transistorised digital clock generates |-second timing pulses, giving unique identification by a 16-bit 
code group, of any second interval in a 9999 second period. A complementary decoder identifies any |- 
second interval and generates a signal when this interval is reached. If the clock output has been recorded 
on magnetic tape, the decoder operates irrespective of tape speed and direction. 


SPECIFICATION 


TIMING UNIT DECODER UNIT 
e Timing accuracy 005%, e Interval selection 4-decade switch. 
e Maximum operating time 9999 sec. 
e Time pulse width l-sec. intervals. e Display—two 4-digit, neon number tubes. 
e Master pulse width differentiated | m. sec. 
e Binary pulse code 16 bits. e Output. Stop signal relay contact closure. 
e Binary pulse width 3 m. sec. 
e Binary pulse spacing 40 m. sec. 


TRANSISTORISED VIDEO DISTRIBUTION AMPLIFIER 


This amplifier has been designed to enable the output signal from a single video source to be routed 
into four channels. It matches the output of a video signal line to the inputs of four 75-ohm loads. The 
gain of the amplifier may be adjusted over a range of 4: | and each output is substantially independent of 
the other three. 


SPECIFICATION 


e Fully transistorised with power supplies. e Output: 2°8 volt p. to p. into 75-ohm load. 
e Input impedance 10K. ohms. e Bandwidth: 30 ¢c/s—9:5 Mc/s (3db). 

e Output impedance 75 ohms. 50 ¢/s—3 Mc/s (idb). 

e No. of outputs 4. e No over-shoot. 

e Input range 2°8 volt p. to p. e Less than 4% droop on 50 c/s square wave. 








GENERAL PURPOSE SERVO 


This servo may be used with analogue computers and analogue instrumentation systems. It may be 
applied to the solution of algebraic functions on plant transducer outputs to enable such figures as overall 
plant efficiency to be computed as a direct reading. In computational use it can perform multiplication, 
data amplification, division, integration, square root extraction, sine/cosine generation, phase-shifting, etc. 


SPECIFICATION 


e Frequency response DC—3 c/s, e Input level O—I volt or O—I0 Mv. 
e Fully transistorised. e Up to four independent outputs. 
e Integral transistorised stabilised power supplies. 


BLACKBURN ELECTRONICS LIMITED 


BROUGH . YORKSHIRE . TEL. BROUGH 121 
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High Voltage Capacitors 
Behind every TMC Capacitor are the skills and resources of an 
organisation justly proud of its close association with leading 
groups in every branch of electrical engineering. It is 
™~. ‘ one of the results of this collaboration that we see the 
‘ widespread use of TMC High Voltage Capacitors on 
pulse-forming networks and delay lines for radar 
where their special features of LOW INDUCTANCE 


and MINIMUM DIMENSIONS are particularly 
valuable. 















Other applications: 
* H.V. SMOOTHING CIRCUITS 
* X-RAY APPARATUS 


* IMPULSE uP & 
GENERATORS é 


* ENERGY 
STORAGE 














VW? 


We shall welcome your enquiries whatever your requirements 
are in the H.V. field; a.c. d.c.: or pulse applications. HIGH VOLTAGE CAPACITORS 


3 





TELEPHONE MANUFACTURING COMPANY LIMITED 
Components Division - Cray Works - Sevenoaks Way 
Orpington - Kent Tel: Orpington 26611 
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Promoted by the Electronics and Communications Section of 
The Institution of Electrical Engineers 





The INTERNATIONAL TRANSISTOR EXHIBITION will be held in the same building and at the same 
time as the /nternational Convention on Transistors and Associated Semiconductor Devices. 


These two events, both promoted by The Institution of Electrical Engineers, are attracting world-wide 
interest and an overall attendance of some 60,000 is anticipated. 


The Exhibition will cover all types of semiconductor devices and their numerous applications, and 
will include transistor materials, equipment involving transistors and semiconductor techniques, and 
also various associated and specialized components for use in transistorized equipment. 


Part of the Exhibition will be devoted solely to transistor research and development, and will include 
exhibits from government, industrial and university research laboratories. 


Manufacturers wishing to participate in this unique Scientific Exhibition are invited to contact the 
organizing company. 


Two thousand scientists and engineers directly concerned with transistors and their application, and 
coming from all over the world, are expected to attend the International Convention on Transistors, 
the opening lectures of which will be given by the inventors of the transistor—Dr. W. B. Shockley, 
Dr. W. H. Brattain, and Professor J. Bardeen. 


Full details from the organizers : 
INDUSTRIAL & TRADE FAIRS LIMITED 
Drury House, Russell Street, London, W.C.2. TEMple Bar 3422 
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How to obtain high current 
constant voltage D.C. supplies ? 


You could use cumbersome batteries, with 
their need for constant attention, but it is 

far simpler and certainly more reliable to use 
one of the new ‘Advance’ Constant 

Voltage D.C. Supply Units. Eight standard 
models are now available as listed, but if you 
have requirements outside this range our Technical 
Representatives and Engineering Department 

are at your service to help you. 


These new D.C. Supply Units .... 
@ Provide HIGH CURRENT OUTPUT AT LOW COST 
@ Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 


@ Have HIGH ENERGY RESERVOIR, thus are suitable 
for pulse, intermittent or variable loads 


@ Operate with HIGH EFFICIENCY 
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TYPE OUTRUT RATINGS | NEIT PRICE 
in U.K. 
DC/6/1.25 6 volts 1.25 amp £15 
DC/6/4 6 volts 4.00 amps £25 
DC/12/1.25| 12 volts 1.25 amp £20 
DC/12/4 12 volts 4.00 amps £30 
DC/24/1 24 volts 1.00 amp £25 
DC/24/5 24 volts 5.00 amps £45 
DC/48/1 48 volts 1.00 amp £35 
DC/48/4 48 volts 4.00 amps £60 























CONSTANT 
VOLTAGE 


Dp.c. POWER SUPPLIES 


Full technical details available in Leaflet M,59 


Advance COMPONENTS LIMITED - ROEBUCK ROAD - HAINAULT - ILFORD - ESSEX . TELEPHONE: HAINAULT 4444 
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STi i terear= em 
Silicone Rubbers and Resins 


EI ical 
ogeryye for Flexible Sleevings 


Insulating 


Materials 





SILASTOMER* AND 


SILASTOMER/GLASS 
Silastomer silicone rubber sleeving used on terminal 
leads in a Partridge transformer—courtesy of SLEEVING 
Partridge Transformer Co. Ltd. Silastomer can be extruded and cured to form 


thin-walled sleeving that is elastic, extremely 
flexible and has good dielectric properties. It is 
recommended for operation over the temperature 
range -75°C to +250°C. 

Braided glass sleeving is also available coated 
with Silastomer silicone rubber. It is based on 
glass yarn and is supplied in various colours and 
in continuous lengths. This flexible sleeving 
retains its good dielectric properties and tear 
resistance from —55°C to +250°C. 


* Silastomer ts aregistered trade mark of Midland Silicones Ltd. 


SILICONE-VARNISHED 
GLASS SLEEVING 


Flexible sleeving, available in various colours, 
is made from braided continuous-filament glass 
fibres saturated or varnished with a silicone resin. 
Heavily varnished sleeving with an average break- 
down of about 4 kV is used where maximum 
electric strength is required. Silicone saturated 
sleeving is used as low voltage insulation and as a 
covering which will subsequently be varnish- 
impregnated. 


Write for Silicone Notes C19 listing the suppliers 
of silicone flexible sleevings and other silicone 
insulating materials. 








Other Electrical Insulating Materials employing MS silicones include: 


SILICONE RESINS FOR SILICONE COLD-CURING SILICONE RESIN BONDED 
RESISTOR COATINGS RUBBER GLASSCLOTH LAMINATES 


MIDLAND SILICONES first in British Silicones 


LTD 





Associated with Albright & Wilson Ltd., and Dow Corning Corporation 


68 KNIGHTSBRIDGE - LONDON SWI - KNIGHTSBRIDGE 7801 - Area Sales Offices: Birmingham + Glasgow « Leeds - London - Manchester - Agents in many countries 
Taw/ms129 
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not a whisper 


(silence, 
in fact!) 


Plannair have done it again. They’ve produced the 
useful equivalent of a quiet hurricane. 


Employing a unique method of sound deadening 
which neither adds to the length nor the diameter 
of the comparable unsilenced unit, Plannair 
blowers are now the quietest as well as being the 
most efficient in the world. 


Without impairing the performance of their range 
of single and multi- stage axial flow blowers, 
Plannair have achieved a reduction in noise level 
equivalent to approximately 15 db around the 1,000 
to 3,000 c.p.s. band. 


These silencing features are now offered as an 
extra on all Piannair standard equipment now in 
production. Fully detailed data on this Plannair 
innovation can be supplied to Design Engineers 
and other principals on request. 
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Type 6PL 122-324 two-stage axial flow blower 


Type 3PL 181-323 axial flow blower 


World patents applied for 








Plannair Blowers - quietly, the most efficient in the world ! 


PLANNAIR LIMITED 
Windfield House, Epsom Road, Leatherhead, Surrey 
Telephone: Leatherhead 4091 
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BERCO -BPT_ 


Voltage Regulator 
to meet your 


Quick delivery of 28 Standard models 
250VA—I1I0kVA 


Fast design for special applications 


BERCO is available to help you with 


any Voltage or Current Control problem 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. : 


IN ASSOCIATION WITH 


THE BRITISH POWER TRANSFORMER CO. LTD. 


QUEENSWAY - ENFIELD - MIDDLESEX 
Telephone HOWard 241! 
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ROOM- 


or first class work... 

















THE BROXLEA WORKS provide exactly the light and airy 
conditions required to achieve the consistent quality of workman- 
ship high-grade sub-contracting demands. Cavity walls and 
the latest system of under-floor heating help to ensure that 
these conditions are always maintained; while unit-construction 
benching, with individually-switched fluorescent lights, allow 
rapid alterations of layout to suit changing types of work. 


In the WIRING AND ASSEMBLY bay shown here more than 
200 people are accommodated without congestion. “Jobs in 
progress” include telecommunications equipment and relay 
adjusting for a big firm which has used the Broxlea service for 
upwards of nine years, and various types of electronic gear for 
other companies of international standing. 


Other parts of the factory house a large cable-forming section, 
a computer assembly bay, and a Special Products Group con- 
centrating on prototype and pre-production runs of modern 
automation and electro-mechanical control devices. 




















15 miles from central London on the main 
AlO road to Cambridge, the Broxlea 
works are designed and laid out to 
provide ideal conditions for the specialist 
sub-contracting work handled. 








BROXLEA 
PRODUCTS 
LIMITED 


A.|.D. approved sub-contractors 


PARK LANE, 
BROXBOURNE . HERTS 


"Phone: Hoddesdon 4455 
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the magnetic recording 
tape with the highest 
technical standards 


* High sensitivity 


* 


Low noise level 
* Low ‘print through’ factor 
* Anti-static 


* Freedom from curl 
and stretch 












LONG 
PLAY 







PURPOSE 
































Type ngth Price in Price 
Ne. Title Size broad EMICASE Prcaew 
88/3 3” dia. 175’ _ 7 6 
99/3 |e 3” dia. 250’ = 9 6 
88/3N 3}” dia. 175’ - 7 6 
99/3N 3}” dia. 250’ a 9 6 | 
88/6 . is 5” dia. 600’ £1 36] £1 10% 
} Junior PAD 4 
99/9 5” dia. 850 £110 6] £1 8 O | 
88/9 “Continental” 5] dia.| 850’ | £110 6| £1 8 0 
99/12 53” dia. 1200’ £117 6 | £115 0 
88/12 Standard” 7’ dia. | 1200° | £117 6 | £115 0 
99/18 7” dia. 1800’ £212 6 | £210 0 
88/18 \ “Professional” 81” dia. 1750’ — £217 6 
99/24 8}” dia. 2400’ os £3 12 6 
Esrmicase 


now available separately! 


the polystyrene container that solves 
tape storage problems, protects spools 
from dust and allows easy identification 
of leader tapes. 


E-M-§ SALES & SERVICE LTO 
(Recording Materials Division) 


7’—4s.0d; 52”—3s. 6d; 5” —3s. 6d. | Neves. speeeeee 





Tel: SOUthall 2468 es/Riae 
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Anvrasttic. 





AUDIO 
AMPLIFIER 
STANDARD 





Suitable for use as: 

%* Laboratory Standard 

%* Test amplifier for microphones, pick-ups, 
loudspeakers, pre-amplifiers, tape decks etc. 

* Recording amplifier. 


* Broadcast Transmitter Modulator. 











The Avantic DL7-35, originally designed as a 
high fidelity amplifier, has proved to be of such 
advanced design that it has remained un- 
surpassed. During the three years it has been 
manufactured the high performance laid down 
in the design has been consistently maintained. 
It. can now be regarded as a Laboratory 
Standard of the utmost reliability. 


AVANTIC DL7-35 POWER AMPLIFIER 


Harmonic Distortion: 
<0.05% at 20 watts sine wave output. 
Intermodulation Distortion: 
0.7% at 20 watts 
1.0% at 29 watts 
fm=40 c/s. fe=10 ke/s. fm/fe=4 
Hum and Noise: 
—85dB relative to 20 watts output with 
10kQ source resistance. 
Distributed Load Push-Pull Output Stage. 
Load Impedance: 
4Q, 8Q, 162 switch selected with automatic 
feedback compensation. 
Damping Factor: 
50 


Rise Time: 
5 secs. 

Power Inputs: 
foo. 417, 925, 210, 233, 251 V. a.c. 
40—60 c/s. 


BEAM-ECHO LIMITED ° 
Telephone: MAYfair 1039 





13 SOUTH 





Relative gain (db) 


Ic/s c/s 100 c/s 1 
Frequency 


10 Ke/s 100Kc/s 





Voltage output (Volts) 























































0 5 10 15 m 
300 38 
> 7 | = 
E oo 
nod u 
ney 
3 ” R 2190) a = 
z 9 (Ru 7 2 
8 eT all / = 
ee: newt! J $-- 

Distortion 
~ 0 
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Power output (Watts) 











1 10 Ke/s 
Frequency 


100 Ke/s 


High stability resistors in input stage. 
Power outlets of 6.3V. at 2.5A. a.c. 
440V. at 30mA. d.c. 
Volume Control. Fused input. H.T. fuse. 
* Suitable pre-amplifiers available to increase 
sensitivity to 3mV. 


MOLTON STREET * LONDON W.1. 
Telegrams: Hibeam Wesdo London 
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Components of 16 amp switch with up to 18 latching positions 


STANDARDIZED 


TO THE th 








Style C-Switches are standardized to an extent never previously 
achieved in switch design. Perfection of moulding permits each 
switch to be built up from a series of prefabricated sub- 
assemblies. By using appropriate operating cams, any practical 
contact arrangement can be provided by standard units, so that 
prices are kept low. Each contact unit carries two double- 
break silver alloy contacts, and any number up to twelve stages 
can form a single column ; additional stages to be operated by 
the same control are arranged as extra columns, and are 
operated in tandem. Switches of different carrying capacities 
may be coupled if required. Escutcheon plates and control 
handles are common to the whole range. These switches are 
available in five ratings, from 16 to 200 amp at 600 volts a.c. 


Pair of interlocked switches, 
with auxiliary contacts 
actuated by handle pull. 








Foreign 






—-switches 


* Full particulars from the Distributors for the United Kingdom and Eire 


CHILTON ELECTRIC PRODUCTS LIMITED 
HUNGERFORD, BERKS. Telephone: Hungerford 237/238 
London Office: 19 Old Queen Street, S.W.1 Telephone: TRAfalgar 2239 


4PT7 
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FEC. 


no slip rings 


no commutator 
no photocells 


THIS ENTIRELY NEW type of transducer, for use in digital data 


handling and computer systems, gives a numerical representation of 


the position of a shaft or slide in the form of coded electrical signals 
without the use of slip rings, commutator or photocells. 

Basically the digitizer is a transformer with a single exciting wind- 
ing and a number of secondary windings corresponding to the number 


of digits. The position of a moving yoke determines the polarity of 


coupling between the exciting winding and the various digit windings, 
which are arranged to conform to the requirements of the code. Either 
pulse or sine wave excitation can be used. 

Shaft digitizers can be operated in coarse/fine combinations, an 
additional winding preventing ambiguity between the digitizers. 
Instruments can be supplied for 5-digit read-out in a size 11 standard 
synchro housing. The coding may be either in a binary form (type 
LB5-3) or in decimal form (type LD5-2). Other types of digitizer, e.g. 
those having a 7-digit read-out in a size 23 housing, are in an advanced 
stage of development. 


ELECTRONICS DIVISION 





Eee lelomene), mu alicihap4—-s— 











SPECIFICATIONS 


Mechanical Input 
Code 


Resolution 


Frame size 


Typical excitation 


Nominal output 


TYPE LD5-2 


Shaft rotation 


5-digit cyclic binary 
coded decimal 


1 in 20 fora 
single instrument 


Similar to a size 
11 synchro 


10 volts r.m.s. at 
20 kc/s 


1.5 volts r.m.s. 
maximum 


TYPE LB5-3 
Shaft rotation 


5-digit cyclic 
binary 


1 in 32 fora 
single instrument 


Similar to a size 
11 synchro 


8 volts r.m.s. at 
20 kc/s 


800 millivolts 
r.m.s. maximum 


British patent applications Nos. 11280/57 1051/59 and 1052/59 





Please address specific enquiries and orders to: 








FEC. 





The General Electric Company Limited of England 


TELEPHONE, RADIO AND TELEVISION WORKS - COVENTRY + ENGLAND 
G.E.C. 30 
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Listen in Micro-Volts 


— to the Quietest Switch you ever heard 


LATEST DEVELOPMENT shown actual size with two 
elements rotating at motor shaft speed and two at a sub- 
multiple of shaft speed. In addition to its small size, its 
outstanding characteristics are—LOW NOISE LEVEL 
(100 micro-volts, rms) and HIGH SWITCHING 
SPEED (up to 12,000 r.p.m.). As a direct replacement 

for bulky electronic switch equipment, it solves 





problems associated with airborne telemetry, 
low level signal sampling, computing ampli- 
fiers, signal chopping, etc. 


High Speed 
Rotary Switch 





A wide variety of circuit configurations and 
ratios between high and low speed switches 
are available. 





tok. 
A complete series of precision servo 
Components are offered including AC and 
DC servo motors, motor generators, 
precision gearheads and breadboard com- 
ponents. 
- Vactric (Control Equipment) Limited 
oo See Vactric House, Sloane Street, London, S.W.1 Telephone: Sloane 9656 
2. ee 
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G & EBRADLEY LTD 


Electral House, Neasden Lane, London, N.W.10 


Telephone: Gladstone 0012-7 


Telegrams: Bradelec London, N.W.10. 


Cables: Bradelec, London 
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WHEN RADAR PERFORMANCE IS VITAL... 


Eliminate the chance of failure at the source with test 
equipment designed specifically for Magnetron and 
Thyratron testing. 

Our Missed Pulse Counters, Monitors and Jitter Test 
Sets, are already in use at G.W. Establishments and 
with the Armed Services, in company with other Bradley 
electronic equipment. 

Special-purpose test racks, developed in association with 
E.M.I. Electronics Ltd., are also in service at Woomera 
and successfully performing exacting tests on complex 
G.W. electronic apparatus. 

In the field of G.W. instrumentation, and with work in 
connection with THUNDERBIRD, BLOODHOUND, 
FIREFLASH and SEASLUG already accomplished, 
G. & E. Bradley Ltd. are in step with modern develop- 
ment. 
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Boat COMET 


In the electric and electronic circuitry of the de Havilland 
Comet 4 jetliner, BTH silicon junction rectifiers are used 
extensively for critical rectification and control purposes. 


BTH offers a wide range of silicon junction rectifiers—write for 


ratings and technical data. 


VALVE & SEMICONDUCTOR SALES 


B T LINCOLN. ENGLAND 
An A.E.I. Company 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED. 
A5358 
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where: next? | 


British-made Newmarket Transistors hold the answer 
With the advent of transistors, the solution of ballistic and space travel problems has been 
enormously speeded up and simplified. Their further development in the next decade may well 
ordain the shape of many projects yet to come. 

If past achievement be any guide, the source from which most future advances will come is 
predictable. Throughout the *15 years of semiconductor evolution in Britain to date, one name 
stands out. Besides being the first British company to make available a full range of transistors 


in production quantities, Newmarket Transistors Ltd were: 


FIRST with RF types 
FIRST again with high power output types 
F t RST with intermediate power types 


FIRST to supply radio manufacturers with complete 
matched complements of transistors 


* A Bibliography published by the Company is available on application. 


NEW MAREKET TRANSISTORS To Oe a fF 
ELECTRONIC ENGINEERING 30 MAY 1959 
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In addition, early liaison with leading radio and equipment manufacturers 
enabled Newmarket to supply the transistors used in the first all-transistor 
portable radio, the first transistorized loud-hailer, the first transistorized car 


radio. 
Thus, and in every possible way, have Newmarket transistors been tested, 


proved and improved. The calibre of Newmarket’s development background, 
production resources and customer service is without equal in the industry. 
When buying transistors, the name Newmarket is your guarantee of dependa- 


bility—both in performance and supply. 


INTERNATIONAL TRANSISTOR EXHIBITION & CONVENTION 
Earls Court May 2lst—27th 1959 


Anyone interested in new applications and developments of transistors 


should not fail to visit our stand at this Exhibition. 


Exning Road, Newmarket, Suffolk Telephone Newmarket 3381 ju 
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You can nearly always find a screw in the 
vast Unbrako range calculated to do just 
what you want better than any other 
screw. 


But modern developments sometimes call 
for special screws not even standard to 
Unbrako. 

When that happens our highly trained 
team of fastener-minded experts really get 
enthusiastic, responding to the challenge. 
They like to co-operate with you at the 
blueprint stage for preference, helping to 
design the perfect screw for the job, or 
they will simply make the screw to your 
specification, just about as well as a screw 
can be made. 











So, standard or special, you can always 
safely specify Unbrako, the people who 
offer the most comprehensive specialised 
screw service in the world. 


To be on the safe side, better get in touch 
with Unbrako over any fastener question. 
Remember what they say — Unbrako 
screws cost less than trouble. 


There are two Unbrako lists you should 
have in your library, and a postcard 
or telephone call will bring them by 
return. They form a detailed and 
comprehensive guide to the whole 
Unbrako range, standard and non- 
standard, and no progressive firm should 
be without them. 


Unbrako screws cost less than trouble 


BRA 


UNBRAKO SOCKET SCREW COMPANY LIMITED - COVENTRY ~- Phone: Coventry 89471 
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Some of the equipment used in 
world wide communication networks. 
By Courtesy of Cable & Wireless Ltd. 


M & I electrical insulating materials are extensively used for 
specialised applications in communications, control equipment, 

etc., in electronics and indeed in every branch of electrical 

engineering — where reliability is so essential. 

If you have any problems concerning electrical insulation, we can help you. 

Our research staff are continually developing materials and processes to meet new 


requirements and our engineers are always pleased to offer their advice. 


Write for full details of our products and services. 


The Electrical, Insubation People 











THE MICANITE & INSULATORS CO., LTD., & 


WALTHAMSTOW, LONDON, E.I7. TELEPHONE: LARKSWOOD §500. TELEGRAMS: MYTILITE, EASPHONE, LONDON. 
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ransistor 
ester 





ACCURATE 

EASY TO OPERATE 
LIGHT 

PORTABLE 





Width: 5". Depth: 5". Height: 94”. 
Weight : 6 lbs. Attractively finished in 


grey hammer enamel. 









Outstanding characteristics of the Transistor Tester Model 1325 are 
accuracy of measurement and ease of operation. The instrument 
enables direct measurement to be made of the large signal current 
Amplification Factor B, the Collector Turnover Voltage Vt and the 
Collector-emitter leakage Current I’c(o), of p-n-p and n-p-n transistors. 
Two B ranges, combined with seven logarithmically stepped base 
current settings, cover all types of crystal amplifying devices, including 


high-gain and power transistors. The value of the collector current at 


a given base current can be obtained from the B readings; the small 
signal current Amplification Factor a’ can be deduced from a few 
readings of B. Crystal diode tests can be carried out using the 
facilities provided for Collector Turnover Voltage measurements. 

Advantage can be taken of the wide range of available base currents 
to measure the I’c(o) under the appropriate dynamic conditions. The 
meter of the instrument is fully protected ; momentary shorting of any 


pair of terminals will not damage the instrument. 


Let us send you full details of Cossor Instruments or arrange 
for a representative to discuss your special needs. 


COSSQAR instruments iro 


The Instrument Company of the Cossor Group 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


Telephone : CANonbury 1234 (33 lines). 


MAY 1959 


Telegrams: Cossor, Norphone, London. 


Codes: Bentley’s Second. 
TAS/C1.20 
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Cables : Cossor, London. 





EE 9038 for further details 


Here’s a typical example of how the mechanical strength 
of Beetle D.M.C. (Dough Moulding Compound) helps 
to solve industrial problems. 

These ear defenders are used to protect the hearing of 
workers in proximity to jet engines and in noisy factories. 
During the development work by the makers, Dennis 
Ferranti Meters Ltd., twelve sets moulded from conven- 
tional materials were delivered to Bomber Command 
for testing. The report of The Central Medical Establish- 
ment, Acoustics Laboratory, was that the ear defenders 
gave excellent protection, but that the mouldings then 
used were considered too fragile. 


This illustration shows the main moulding from 
Beetle D.M.C. and a retaining piece made 
from Scarab material. The Earguards are 
used in engine testing, rivetting, blasting, 
roliing mills, weaving sheds, paper mills 

and en aerodromes. 


CHK? 
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D.M.C. mouldings were substituted and have been found 
virtually indestructible. 

D.M.C. is the ideal material whenever high mechanical 
and/or electrical strength is required. The material can be 
moulded in conventional compression presses on short 
cure times and at low pressure. We shall be glad to send 
full technical details. 





BEETLE MOULDING POWDERS 


B.1.P. CHEMICALS LTD., 


Oldbury, Birmingham. Telephone: Broadwell 2061. 
London Office: |, Argyll St,, W.1. Telephone: GERrard 7971. 


MAY 








1959 
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For Electronics, Radio 
& Telecommunication 


Fields...... 
N ic 4 E L S 1 LV E R Sanaa de inane 
Cc U PRO x N I Cc K E L Saamevaeainn cubed ema 


SHEET Maximum width 24”. Minimum thickness 0-006”. 


STRIP Maximum width 18”. Minimum width 4” 
Minimum thickness 0-005". 





WIRE Maximum diameter 3”. Minimum diameter 0-0025”. 


Spe i i r | I i 3 i es High finish Nickel-Silver Telephone 


Strip and Sheet conforming to BSS 1824, or to your own specifications for 
the manufacture of Spring contacts, Relay blades, etc. 


We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 
special resistance properties in the form of Sheet, Strip and Wire. 


Established 1845 


_JONES & ROOKE (1948) LTD. NORTHWOOD STREET ROLLING MILLS, BIRMINGHAM 3. 
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TYPE TSO 


TYPE TSV 50/5 


MAY 





1959 
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Weight 
Extern 
Normal 
Temper: 
= 
Finish 
Note 2 





Prices 
rsmsaasi 


NOTE 1 


NoTR 


S 
nN 








Sole | 


RAC 
Tel.: 
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* HIGH STABILIZATION 
LOW OUTPUT IMPEDANCE 


* LOW RIPPLE AND NOISE 
CONTENT 


* FUSES AND OVERLOAD 
PROTECTION ON HIGHER 
VOLTAGE MODELS 


* 








































































































* C.-CORE MAINS TRANSFORMERS 
* FULLY TRANSISTORISED 
* ZENER DIODE REFERENCES 
*% OUTPUT-POSITIVE OR 
NEGATIVE TO CHASSIS 
Write for illustrated leaflets TYPE TSO 12/5 
covering complete range 
i 
SPECIFICATIONS: TSV.12/2. |150.12/2. | t5v.12/5. |750.12/5. |Tsv. 30/2. [150. 30/2. | tsv. 30/5. | TS0.30/5. | TSV.30/5.] TBR. TBR/O. 
Input Voltage: 110-220 volts with taps at ?5, 10, 20 volts 40-60 cycles C.PeSe ae SOMO’ fee - d0 
D.C. Output: 0.5-12V. - do - - do - - do - 16-30V. - do - - do - - do - 5-50V. 6-12V. wo ie 
Output Current: 2 amps. - do - 5 amps. - do - 2 amps. - do - 5 amps. - do - - do - 1 amp. - do- 
Output Circuit Sree a fe ee ee Fuses & = Fuses & r Fuses & i 
i Protection: Fuses. do dc a Overload |FUsess Overloaa | Fuses- Overload | Fuses: - do - 
Relay. Relay. Relay. 
Output Impedance {0.04 up - J 
Ohns: +o 1Ke/s. - do- 0.03. - do - 0.04. = Go - e @ @ —_— 0.03. 0.1. a Bein 
utput Variation 
wie ip Racy nell For t 10% mains change output is 1 part in 1,000 when fully loaded. = ahs - do - 
r reba oe inv. - do - - do - - do - - do - - do - - do - - do - 3mV. anv. - do - 
contents: 
Cutput Metering: O-12V. 0-12V. 0-30V. 0-30V. 0-50V. 
See Note 1. 0-24. Nil. O-5A. Nil. O-2A. Nil. O-5A. Nil. O-5A. Nil. Nil. 
(Switched (Switched (Switched) (Switched (2Meters) 
Dimensions: 14 42 "xg" 138"x53" 14"xQ" 136"x6s" 14"x9" 135"x65" 14"x9" 135"x65" 213"x16" 7"x7" 6"x6" 
x 7A". x 62". x 7}. x 62", x 7". x 6}. x 7". x 63". x 12", x 5k". x 5". 
Weight: 17lbs. Jibs. 181bs. 9#1bs. 19lbs. 10lbs. 201bs. 11 lbs. 751bs. 6lbs. 41bs. 
External Sensing: |No. No. Yes. No. Yes. No. Yes. No. Yes. No. No. 
j Mf 2 _ + "C 
! a Operating 40°C. - do - - do - - lo - - do - - do - - do - - do - - do - 35 - do - 
Temperatures Max. 
Finish, See x C. B. 
te So Ae B. A. B. A. B. A. B. Cc 
Prices £46.0.0. |£34.0.0. £72,020. |£65.0.0. |£60.0.0. |£46.0.0. €85.0.0. | £72.0.0.] £13520.0.} £22.0.0. £21.0.0.4 
NOTE 1: When the word "switched" is shown, this infers that only one meter is used, and this has two scales (one for volts and one for amps) 
NOTE 2: (A) Light alloy cast case with hammer grey finish with grey traffolite front panel. 
te Open Chassis Model finished in passivated cadmium plate. 
(C) Sheet steel cage, hammer grey finish. 











FARNELL Instruments LTD 


WETHERBY INDUSTRIAL ESTATE, YORK ROAD, WETHERBY, YORKSHIRE. Tel. 2691! 


Sole Distributors for Southern Counties: Sole Distributors for Scotland: 
- RACAL INSTRUMENTS LTD.. Western Road, Bracknell, Berks. MESSRS. A. R. BOLTON & CO., 3a, St. Vincent Street, 
Tel.: Bracknell 941 Edinburgh, 3. Tel.: Edinburgh 32035 
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HOUSIN‘:s PROBLEM 








Universal Sloping 
Front Instrument 
Case. Type 7U-4 










Combination 
Console. Consisting 
° of a standard 3’ 
Instrument Rack 

and two 7U-4 
Universal Sloping 
Front Instrument 
Cases. 


your starting point... 






..and enjoy the benefit of expert advice backed by 







superb craftsmanship. 
The unique design and clean lines of Datum Instrument 
Racks and Cases will improve the sales of your equipment. 


Lay the foundation of your own success by 









choosing.... 
Instrument Racks D A T U NM 
are available in 
single or multi-bay : P ° 
form with a choice —the first name in electronic 


of 5 heights and 


3 depths housing equipment 


SEND FOR OUR CATALOGUE TO-DAY 


DATUM METAL PRODUCTS LTD 





SLT /— 


WATFORD BY-PASS, WATFORD, HERTFORDSHIRE GROUP 
Telephone: Watford 26566 Telegrams: Datum, Watford. AD/D8 
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ROCHDALE 
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‘BUILD-IT 
YOURSELP’ 
KITS 


NEW 


DAYSTROM 


CAPACITOR/RESISTOR TEST BRIDGE 


This is a most useful 
instrument in any laboratory 
or workshop. It is a self- 
contained A.C.-powered 
bridge which quickly 
measures resistors and a 
very wide range of all types 
of capacitors—determining 
capacity, power factor and 
indicating the degree of 
leakage. A Dual-Sensitive 
Magic Eye is used as the 
indicator of bridge balance. 
A unique safety-factor is the 
use of a special spring- 
return test switch. This 
automatically discharges the 
condenser after test so as to 
Delivered free eliminate completely the 
in U.K risk of D.C. shock to the 

£7.19.6 Deferred terms available operator, 





MODEL C-3U 


Measurement Ranges: 
Capacity: 0-0000/ uF (10 pF) to 1000uF, in 4 ranges 
Resistance: 1002 to 5MQ, in 2 ranges. 
Polarising Voltages: 5, 150, 250, 350 (D.C.). 


OTHER HEATHKIT MODELS SUPPLIED AS KITS, delivered free in 
U.K.—(deferred terms if desired): 


S-88 HI-Fi STEREO AMPLIFIER KIT. 16 watts output (8 per channel). 
0-1% distortion at 6 W/channel. Inputs for Stereo or Monaural—gram., radio 
and tape recorder. Many special features, including ganged controls—Ultra- 
linear push-pull output, with multi-loop N.F.B. Beautifully styled metal case, 
2-tone grey. £25.5.6. 


S-33 POPULAR-PRICED HI-Fi STEREO AMPLIFIER KIT. 6 watts 
output (3 per channel). 0:3% distortion at 2-5 W/channel. 20dB N.F.B £11.8.0. 


USP-!I HI-Fi STEREO PRE-AMPLIFIER. Ideal for low-output Hi-Fi P/U’s. 
Switched inputs—tape, gram., mic.; stereo/monaural. £5.19.6. 


SSU-I HI-Fi SPEAKER SYSTEM KIT. A low-cost twin speaker system for 
Stereo or Monaural amplifiers, ideal for small or medium size rooms. Frequency 
range: 40-16000 c/s. 8” high-flux bass unit and 4” wide-diffusion treble. Ductive 
reflex cabinet, supplied ‘‘in the white’’ pre-cut and sanded, for final finish to 
choice. £10.9.0. (Legs optional, £1.7.0 extra.) 


DX-40U ‘HAM’ TRANSMITTER KIT. Covers all Amateur bands, 80-!0m. 
Power Inputs 75 watts CW, 60 W.pk. c/c. phone. 40 W. to Aerial. Provision for 
V.F.O, Pi network output coupling. 3 switch-selected crystal positions. 6146 
final amp. Filters minimize TVI. £29.10.0. 


VF-1IU VARIABLE FREQUENCY OSCILLATOR KIT. Doubly screened, 
stabilized, covers 160, 80, 40, 20, 15 and 10 metres. Ideal for use with the 
Heathkit DX-40U or similar) transmitter. £10.12.0. 


UJR-1 YOUNG EXPERIMENTER’S KIT. An ideal introduction to radio 
Any youngster will enjoy building this unusually sensitive and selective, dual- 
wave transistor radio, with ‘High-Q’ Ferrite coils £2.19.6. 
UJIR-IS Additional Amplifier Stage for this kit 16.6. 


HEATHKIT MODEL UXR-!I KIT 
6-Transistor, Dual-Wave Portable. 


The very attractive solid leather case of 
this elegantly styled portable radio set, 
and its exceptionally good performance, 
excite admiration everywhere. Its 
7” x 4” high-flux speaker gives an 
unusually rich and clear reproduction, 
although the set is small and light enough 
to be carried anywhere. A High-Q 
Ferrite rod aerial gives good selectivity 
and sensitivity. Being completely self- 
contained this is an ideal second set for 
the home, and most economical to 
run; a 3/6 battery lasts about 6 months 
with average use. Not taking its power 
from the mains supply it is particularly 
safe in operation. The UXR-! performs 
well in a car, too. 





MODEL UXR-! 


(ine. 
£16.18.6 feo pr) 


Delivered free in U.K. 

Deferred terms available 
Printed-circuit board and pre- 

aligned 1|.F.T.’s permit assembly in 4 to 6 

hours and you then have a delightful 

portable in the 25-30 guinea class. 


ELECTRONIC ENGINEERING 


Assemble the Model O-12U 
5” Oscillocope Kit and you'll 
have a large-screen laboratory 
instrument at utility "scope 
price. Exceptionally wide- 
range time-base (10 c/s to 
over 500 kc/s. ‘Y’ frequency 
range 3 c/s to over 5 Me/s, 
sensitivity 10 mV RMS/cm. 
*X’ sensitivity 0-12 V RMS/cm. 
Electronically stabilized and 
fused power supply. Output 
for Wobbulator. Voltage 
Calibrator (I volt pk. to pk. 
source.) Instantaneous shift, 
drift free. Automatic lock-in 
synch. Rise time 0-08 ysecs 
or less. ‘Z’ modn. facilities. 
2-gold-plated printed-circuit 
boards and pre-cut cabled 
wiring harness greatly facili- 
tate assembly. Easy-to-follow 
48-page Instruction Manual 
gives ‘Step-by-Step’ pro- 
cedure. Ideal for Educational 
establishments, laburatories 
and service. 
Deferred terms available 








MODEL O-I2U 


£34 F iS a 0 —a 





EVERY HEATHKIT MODEL WILL ACHIEVE OR BETTER 
ITS ADVERTISED PERFORMANCE, IF BUILT IN ACCORD- 
ANCE WITH THE INSTRUCTION MANUAL ‘STEP-BY- 
STEP’ PROCEDURE. 











Because of the accuracy, reliability 
and sheer value of the Model V-7A it is 
outselling all other VVM’s. The pre- 
cision and quality of its first-class com- 
ponents cannot be duplicated elsewhere 
at this price. Indication is by a large 44” 
200A meter clearly calibrated for all 
ranges. The voltage divider uses 1% 
precison __ resistors. A gold-plated 
printed-circuit board simplifies the 
assembly, saves time and _ eliminates 
the possibility of wiring errors. It also 
ensures duplication of laboratory 
performance. 


This multi-function VVM measures 
AC. Volts (RMS and pk.-to-pk.), D.C. 
Volts and Resistance. The 7, A.C. 
(RMS) and D.C ranges are 1-5, 5, 15, 50, 
150, 500 and 1500. The 7, A.C. pk.-to-pk. 
Voltage ranges are 0°4, 14, 40, 140, 400, 
1400 and 4000. Input impedance is 
1IMQ. Seven Ohm-meter ranges have 
multiplying factors of X!, X10, X100, 
X1000, XIOK, XIOOK and XIMQ. 
Centre-scale resistance readings are 10, 
100, 1000, 1OK Ohms, IMQ and 10MQ. 
A centre-zero dB scale is provided also 
for measuring audio amplifier per- 
formance. Test leads, prods and battery 
are included in the kit. 


MODEL V-7A (KIT) 
VALVE VOLTMETER 


£13 a 0 y 0 Delivered 


free in U.K. 
Deferred terms available 








Please send me, without obligation, your catalogue of British Heathkit 
models now available, including full details of following models:- 


Kindly write clearly in BLOCK CAPITALS 


TO: 
DEPT. EE 5, 


DAYSTROM LTD. ctoucesrée, encano 


A member of the Daystrom Group, manufacturers of 
THE LARGEST-SELLING ELECTRONIC KIT-SETS 
IN THE WORLD. 
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NEW 
ADDITIONS — 


TO THE 


FOX POT 


RANGE 





Dutput 
foltage 
to pk. 
shift, 
lock-in 
psecs 
cilities. 
circuit 
cabled 
facili- 
follow 
Manual 
pro- 
ational 
atories 








TER 





S.B. and S.G. with sin.-cos. Can be 
ganged up to three linear 
sections. Helical servo mounting with ball 

























rd races. New helical totally enclosed, 
“ fully tropical if required. 
thkit To give prompt and personal 
service, we have opened a London office 
at 104 Chislehurst Road, Orpington, Kent. 
Telephone Orpington 21031. 
P. X.FOX & CO. LTD 
Hawksworth Road, Horsforth, Yorks. 
"Phone : Horsforth 2831/2 
POTENTIOMETRY BY FOX 
iD 
:TS 
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Pata weam READING 


} isit the 


INTERNATIONAL with thi Ss TRA NSIS TORIZ ED 


TRANSISTOR 

— TIME & FREQUENCY 
) ao MEASURING EQUIPMENT 
—- Type TSA 53 


@ Frequency measurement up to 100 kc/s. @ 0.1 second, 1 second and 10 seconds sampling 
times. 





| 


@ Period measurement from 0.0001 c/s to 10 ke/s. 
@ No relays employed. 


Time measurement of any event from 1/10,000th 


of a second to 114 days. 
“_ @ Automatic decimal point. 


@ Fandom pulse counting up to 100 K.p.p.s. 
. PF , @ Automatic unit selection. 
@ Self-checking on the six output frequencies. 
@ Facility for printer operation. @ Power Supply: 200/250V A.C. 50 c/s, or 
12V D.C. as selected by switch at the back of 
@ Variable display time, + to 5 seconds or infinite. the instrument. 


ENNE Electronics 





VENNER ELECTRONICS LIMITED, Kingston By-Pass, New Malden, Surrey. MALden 2442 


A member of the Venner Group of Companies 


ELECTRONIC ENGINEERING td MAY 1959 
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Marconi in Television 





18 countries rely on Marconi Television 


Transmitting or Studio Equipment 


MARCONI 


COMPLETE TELEVISION SYSTEMS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
M4 


45 ELECTRONIC ENGINEERING 


MAY 1959 








EE 9048 for further details 








35 YEARS OF ‘KNOW HOW’ 
BEHIND EVERY TERMINAL 


We make millions of terminals in a most comprehensive 
range of types and sizes. In many cases, collar assemblies 
are interchangeable, thus making possible a wide variety 
of combinations. Where our range—extensive as it is— 


Most ‘‘Belling-Lee’’ products are 
covered by patents or registered 
designs or applications therefor. 


“uw 


TERMINA 
FUSE I 


n 


Regd. 
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Telephone : Enfield 3322 


Ss 
NC 











MAKING IN 
MILLIONS 


does not provide for your particular requirements, we are 
always prepared to ‘make to measure’. 

We are specialists in components. This is no empty phrase: 
it means that we have been engaged in the design and 
manufacture of precision-mad@ components for some 
thirty-five years, and at Enfield we devote a very great deal 
of our time and space to research, forever seeking new and 
better methods of production, whilst ensuring that every 


component maintains our high standard of performance. 


BELLING ¢ LEE LTD 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 





- Telegrams: Radiobel, Enfield 
SOCKETS - THERMAL DEVICES 
FILTERS - RECEIVING AERIALS 


MAY 1959 








THE UNIVERSE 
-MAN’S ORBIT? 


As time goes on, will man conquer all things . . . will Precision drawn resistance wires * Nickel cathode 
the whole universe be his orbit? tubes - Grid support wire + Contacts and contact 
This we do know, that to guide his progress in the springs * Rhodium electrodeposits + Silvered mica 
physical sciences accurate instrumentation plays an 
ever-increasing role. And we who serve the instrument 
industry will also progress to provide exactly those 
specialised materials and components the instrument 
designer needs, and upon which the efficiency of so pointer tubes - Wires for resistance thermometry ° 
much modern equipment inevitably depends. * Silver brazing alloys. 


Specialised Products of 


Johnson 4%> Matthey 


capacitors and plates * Fine fuse wires * Platinum: 
rhodium-platinum thermocouples - Mallory 73 Beryl- 
lium Copper wire and strip * Bourdon, capillary and 


JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, E.C.I. Telephone: Holborn 6989 


Vittoria Street, Birmingham, I. Telephone: Central 8004 75-79, Eyre Street, Sheffield, 1, Telephone: 29212 
E 81 
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BECKMAN Instruments Limited 








Series ‘A’ HELIP OT a ale Vy, 





4 <A 
The Beckman Helipot Series A 10 Turn helical Precision Potentio- CR 
meter is the most widely used of the range of Wire Wound Potentio- 
meters manufactured by Beckman Instruments Limited, Scotland. 





Please send for full details of this series 
and a Catalogue of the complete range to 


Resistance tolerance has improved from + 5% to + 3% 
as a standard factor, within the ranges 100 ohms to 100 k, 
Model A Potentiometers. 

Linearity is reduced from + 0.5% to + 0.25% within the 
ranges 100 ohms to 100 k, Model A Potentiometers. 





ELECTRONICS LIMITED 





GOVETT AVENUE - SHEPPERTON - MIDDLESEX - Walton-on-Thames 6321 
BECKMAN INSTRUMENTS LIMITED - GLENROTHES - FIFE + SCOTLAND 
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See us on Stand Nos. 53 and 144 at the R.E.C.M.F. Exhibition 


Nore seals 
than ever! 





We are continually extending our 
range.of standard metal-to-glass seals as 
more and more equipment designers 
realise their advantages. You will find these 
Ediswan seals in such devices as: indicating 
instruments, gyros, vibrators, transistors, 
crystals, relays, transformers and vacuum 
systems. Increasing use is being made 
of them in the nuclear energy and guided 
weapon fields. These metal-to-glass seals have 
excellent electrical and mechanical properties 
with the added advantage of being 
available in a wide variety of standard 
designs which can be supplied promptly 
and fitted easily—usually by soft soldering. 
Our present range of seals embodies the 
latest techniques and will almost certainly 
include types suitable for your needs. 
If your product calls for something out 
of the ordinary, let us know; we are 
always ready to develop new seals to 
meet special requirements where necessary. 
Publication R.1843 will give you full 
information about our standard range; 
you are welcome to a copy. 








Thanks to recent big advances in our metal-to-glass 
sealing techniques, increased production capacity 
and highly developed systems of quality control, we 
can now supply first quality transistor headers at 


competitive prices. We are already supplying many 

Tele!) ut oO Ui r well-known transistor manufacturers. If you are 

interested in cutting your transistor manufacturing 

t RA Ni gS $ Ss F ' @ ) ad costs, ask us to quote for the type of headers you are 
HEADERS *% 







using and send you samples. 


EDISWAN 


SIEMENS EDISON SWAN LIMITED 
An A.E.1. Company. 

155 Charing Cross Road, London W.C.2 Tel: GERrard 8660 

CRC 16/8 






MAY 1959 49 ELECTRONIC ENGINEERING 





EE 9052 for further details 


Printed 
Circuit 
Counter 
Panels 


A complete range of transistorized counter 
panels of common size, fixing method 

and electrical connexion, designed to provide 
a flexible unit system 

whereby any special requirements 

in the counting or data processing fields 


can be quickly built up. 


A fully illustrated brochure giving 
complete performance and 
specification figures for 

every panel in the range is 


available on request. 





50kc/s Scaler 


1Mc/s Scaler 

Input Amplifier 

Gate Unit 

10kc/s Oscillator 

1Mc/s Oscillator 

Power Unit 

50kc/s Read-out Scaler 
1Mc/s Read-out Scaler 
4 Channel Output Unit 
Read-out Unit 

Meter Display Unit 
Lamp Display Unit 
Numerical Indicator Tube 
Shift Register Stage 
Shift Register Driver 


RANK CINTEL LIMITED 
Worsley Bridge Road « London: SE 26 
HiTher Green 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow; 


McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4. 


ELECTRONIC ENGINEERING 


MAY 








1959 
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10,000,000 
to | 


continuously 
variable Range of 
Square Pulse Width 
Delay and Rate 














@ SINGLE OR DOUBLE PULSES of either polarity. 
@ FAST RISE TIME—10 to 12 musec independent of control settings over a range of 20mV to 2V. 
@ AMPLITUDE—Accurately calibrated within 2°%—20mV to SOV. 
@ NEGLIGIBLE RINGING, OVERSHOOT, JITTER and NO SAG. 
@ INTERNAL RATE GENERATOR—0‘Ic/s to 1Mc/s. 
@ EXTERNAL TRIGGERING up to 2-5Mc/s from any wave form. 
@ SINGLE PULSE or PAIR OF PULSES by push-button. 


All these features make ithe NAGARD 5002 the most versatile 
PULSE GENERATOR iavailable today. The diagram below represents its output. 








You can now visualise some of 


its many applications, for pis 
example :— C: -| | =| ‘ 


TRANSISTOR CIRCUITRY — the 
testing of response characteristics, 

particularly in computer applications. | eu Ei 
COMPUTERS and all devices SINGLE 

depending on gating circuits can be nm PULSE a -+---—, 
tested for response times. | 


TRANSMISSION characteristics of = 1 —~< | 


lines, networks, delays, etc. DOUBLE i 
WIDE RANGE ACCURATE TRIGGER DELAY ee tl | 


for C.R.O.s without this feature. = od 


SERVICING Oscilloscopes and fault 
tracing in a variety of electronic devices. A. O-2pSEC. 

B. 2ZOVOLTS +ve OR ~—ve 
C. RISETIME ©O-O35p SEC 





PREPULSE 7 









































To get the best results 5 O-2pSEC.TO 2SEC. CONTINUOUSLY VARIABLE * 5% * O-02pSEC. 
use it with a NAGARD Fe Sapna emgpaiagae 

H. RISETIME 1O-I2mpSEC. 2O0mv TO 2v. S-SOV DEPENDENT ON LOAD 
OSCILLOSCOPE REPETITION RATE CONTINUOUSLY VARIABLE O.jc/s TO IMc/s= 5% BY INTERNAL GENERATOR, 


OR TO 25Mc/s BY EXTERNAL TRIGGER SOURCE. 











18 AVENUE ROAD - BELMONT - SURREY 
Telephone : ViGilant 9161-2 


NACART] 
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4. 





U.H.F. RECEIVER 


Designed as a Wide Band Low 
Noise Receiver for the 420/470 
Mc/s Frequency Band. Available 
as either a 19” rack mounted unit 
c/w Stabilised Power Unit, orinan 
8” Case with separate Power Unit. 
Basic arrangement consists of 
R.F. Amplifier, Mixer, Local 
Oscillator I.F. Amplifier (A.G.C. 
Controlled) Cathode Follower 
Output Stage. Wide variations of 
this Receiver can be supplied to 
customers’ own requirements. 

Standard Specification: Frequency 
Range: 420/470 Mc/s; Bandwidth: 
4.5 Mc/s; Noise Factor: 10db 
(approx.) ; Intermediate Frequency: 





































Of the “Loop” type, suitable for 
measurements of R.F. power and 
Standing Wave Ratio in coaxial 
cables. Directional properties are 
largely unaffected by frequency 
changes, so coupler may be used 
to help obtain optimum termina- 
tion for a 52 ohm coaxial system 
up to 600 Mc/s. 

72 ohm version of this instrument 
is also available. 

Standard Specification: Case Size: 
7” x4" x 2k" ; Weight: 4 lbs. 3 ozs.; 
Power Measurement: low range 
Iwew max., high range 5w cw max. ; 





DIRECTIONAL COUPLER 












45 Mc/s; Sensitivity: 25 MicroV. 
for a 12 db signal to noise ratio; 
R.F. Gain: 12 db; I.F. Gain: 80 db; 
Image Rejection: 40 db; Input 
Impedance: 75 ohms (approx.) 
Unbalanced; Output Impedance: 
80 ohms (approx.); Outputs: (a) 
0.5v from Crystal Detector, (b) 300 
mV at 45. Mc/s. 




















Accuracy (at frequency of calibra- 
tion): low range 0.1 dbs, high range 
0.2 dbs; Directivity: 26 dbs 
(approx.); Coupling Coefficient: 
30 dbs (approx.). 


All devices are adaptable to suit customers’ own 
requirements. For further information consult : 


COMMERCIAL ELECTRONICS DEPT. 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., 
Bagington, Coventry, England. 





New concepts in electronics have been developed at AWA, as a result of 
xperience with missile systems. Now they have a wider application. Here 
are some of the new AWA devices now available to industry. 














PRECISION OSCILLATOR 





The Oscillator has been designed round 
a disc sealed triode and particular 
attention has been paid to ensure good 
frequency stability. This has been 
achieved by the use of selected materials 
and concentric sleeve turing. The latter 
in conjunction with Micrometer head 
tuning giving very good resolution. In 
order to reduce R.F. losses all cavities 
and lines are silver plated, polished, and 
rhodium flashed. 

The Oscillator can be supplied in the 
form illustrated for installation in the 
customers’ own equipment, or as a unit 
complete with its own stabilised power 
supply mounted on a 19” panel. 
Standard Specification: Frequency: Ad- 
justable to operate in the 450/550 Mc/s 
band. Actual Tuning Range in this band 
is approx. 30 Mc/s; Frequency Stability: 
Better than 1 part in 10* (long term); 
Input: 300v at 30 mA, 6.3v at 0.4A ; Power 
Output: Max. output 1.25w at 470 Mc/s. 

































HAWKER SIDDELEY GROUP 
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The Type A76 





4 arange of 
WIDE BAND ATTENUATORS 


FOUR MODELS 


TYPE A75 Range 99 dB in | dB steps. 
Input and Output impedance 75 ohms. 
Price £19 nett in U.K. 


TYPE A76 Range 90dB in 10 dBsteps. 
Input and Output impedance 75 ohms. 


Price £8 10s, nett in U.K. % 


TYPE A79 Range 99 dB in | dB steps. 


Input and Output impedance 75 ohms. 
n metal case for laboratory use. 


Price £22 10s. nett in U.K. 
TYPE A84 Range 99 dB in | dB steps. 





-~to be sure! 


To our comprehensive range of attenuators, we announce the 


x w«% wk *K 


Input and Output impedance 75 ohms. addition of four new models. 

Price £17 10s, nett in U.K. These attenuators employ resistive ladder network and provide 
TYPE A94 Type A76 supplied less resistors for accurate attenuation over a wide frequency band. 
ES Se te eee They are small compact units ideal for building into customers’ 


Price £7 10s. in U.K. . i 
si ee own equipment or for bench use in the laboratory. 


Full details are given in leaflet No. C57 gladly sent on request. 


GD68/C Advance COMPONENTS LIMITED - ROEBUCK ROAD - HAINAULT - ILFORD - ESSEX - TELEPHONE: HAINAULT 4444 
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VARIAN’S 
Vac-lon 


HIGH CAPACITY 
HIGH VACUUM 


ION PUMPS 


In the field of instrumentation, Livingston Laboratories offer 
a unique service in the form of expert advice in the choosing 
of test equipment to meet your needs. 


The relevant factors are not who makes it or where it is made, 
but will it do the job? At Retcar Street you can discuss the 
technical problems of instrumentation and the new techniques 
developed both in this country and abroad. If it is impossible 
to call—write or telephone about your particular problem 
or requirement and our representatives will supply you with 
full information. 


RETCAR STREET 
Telephone: Archway 6251 


UNDER ONE ROOF 


INSTRUMENTS FROM A SELECTION OF 
THE WORLD’S BEST MANUFACTURERS 


IN BOTH GREAT BRITAIN AND OVERSEAS 


NEW TOOL FOR HIGH VACUUM SPECIALISTS 
Introducing a whole new series of ion pumps that 
will develop absolutely clean vacuum, better than 
10-9 mm Hg. They are available in pumping capacities 
of 100 and 250 litres/second. Larger sizes can be 
supplied on special order. They offer tremendous 
advantages in such applications as particle accelera- 
tors, space research chambers, fusion processes, 
mass spectrometers, electron microscopes, vacuum 
tube processing--whenever uncontaminated ultra- 
high vacuums are required. 


KLYSTRONS, TRAVELLING WAVE TUBES, 
BACKWARD WAVE OSCILLATORS, HIGH 
VACUUM PUMPS. 





Some of the manufacturers outside Great Britain whom we 


represent and for whose products we offer full service facilities : 


BIRD ELECTRONIC CORP., KAY ELECTRIC 
COMPANY, DYMEC, ARTHUR KLEMT, EMPIRE 
DEVICES, RADIOMETER, ELECTRONIC 
ASSOCIATES, R.F. EQUIPMENT, FAIRCHILD 


POLAROID (Oscilloscope/Cameras), S.1.D.E.R. 
GERTSCH PRODUCTS INC., TEKTRONIX, 
HEINZ GUNTHER NEUWIRTH, VARIAN 
ASSOCIATES (Microwave Division), HEWLETT- 


PACKARD, WAVEFORMS INC. 


LIVINGSTON LABORATORIES LTD. 


LONDON N.1I9 








ELECTRONIC ENGINEERING 


MAY 1959 

















EE 9057 fcr further details 


“NEI 1M MMMM a 
: 

a RIGHT ANGLE . 

VALVE HOLDERS 


if 





7, 





i, ee NK ss - 


‘ ACTUAL SIZE 


FOR PRINTED 
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Painton & Co. Ltd. 


KINGSTHORPE - NORTHAMPTON 
Tel: 32354/7 Telegrams: ‘Ceil, Northampton’ 


S LN 
PAINTON 
Qe” 
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PERFECTION 
in action 
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Singleness of purpose and 
years of experience lie behind 
any apparently effortless 
performance. 

And so it is with springs. 

It’s taken for granted that Salter 
Springs will keep on and on, 
doing their job with smooth 
precision — indefinitely. 

But it has taken nearly two 
centuries of skill and devotion 
to achieve so greata reputation 
for reliability that — ironically 
enough—the greatest compli- 
ment paid to Salter Springs is 
that you can forget them! 


FOR TOP PERFORMANCE — SPECIFY 


SALTER 


THE ALL=ACTION § SPRINGS 


GEO. SALTER & CO. LTD. WEST BROMWICH, ENGLAND. 


Established 1760 
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SPEC! 
RATING 
RESIST, 
RESIST, 


INDEPE 


MAX. 
TR 


MAX. | 
TAPPIN 








HELIGAL MULTI-TURN POTENTIOMETERS 


World renowned for quality, COLVERN LIMITED, Britain’s foremost manufacturers of wirewound potentiometers, produce the most exten- 
sive range of types in the world. 
Over 35 basic types are in constant production comprising: 
% Standard Wirewound Potentiometers from | to 15 watts rating and including multi-ganged types. 
% Acomplete range of sealed wirewound potentiometers and variable resistors conforming to British Joint Service Specifications 
RCS/121 and RCL/121. (DEF 5121) 
% A comprehensive range of Precision Potentiometers in linear, non-linear, sine and cosine functions many incorporating the 
exclusive Colvern Cam Correction Device. 
% HELICAL PRECISION MULTI-TURN POTENTIOMETERS AND TURNS INDICATING DIALS. 


THIS LEAFLET IS DEVOTED TO HELICAL MULTI-TURN POTENTIOMETERS AND DIALS ... The range includes: 
Standard bush mounting 10-turn potentiometers. 
Miniature 5- and 10-turn models. 
Fully sealed all metal 10-turn potentiometers conforming to Joint Service Specifications. 
Precision multi-turn potentiometers for servo-systems with from 3 to 20 turns. 
A large precision 30-turn potentiometer providing resolution of the highest order. 


SEE BROCHURES No’s 24-25-26 FOR STANDARD TYPES AND PRECISION POTENTIOMETERS 


TYPE GLR 23/00 


STANDARD 10-TURN HELICAL POTENTIOMETER 
Bush Mounting 





Designed to meet the demand for a low cost multi-turn potentiometer for 
applications not requiring the high order of mechanical precision provided 
by the type CLR 26/00. (Described on page 3). @ The body is machined 
from high grade S.R.B.P. tube with phenolic moulded end plates. @ The 
precision ground shaft is mounted in plain plated brass bearings giving a 
smooth torque of approximately 2 oz/in. @ Resistance elements con- 
sist of enamelled copper mandrels wound with resistance alloys selected to 
give the best resolution and lowest temperature co-efficient commensurate 
with ohmic value. @ Contacts are precious metal to provide long life, 
low electrical noise and contact resistance. @ Robust heavily silver 
plated turret terminals. 


INDEPENDENT LINEAR ACCURACY 
STANDARD: +0-5% BEST PRACTICAL: +0-1% 


pa FIXING FACE 
DIM 'A' AS 
"30 REQD. | 


SPECIFICATION 


RATING ne we oa a ... 4 Watts 
RESISTANCE RANGE _... ‘ee ... 100 to 250,000 Q 


RESISTANCE TOLERANCE: 


Standard ... ae +5% 


Best Practical... ins soe See 


INDEPENDENT LINEAR ACCURACY: 


Standard ... wee wes «. +0-5% 
Best Practical ... Pon +0.1% 


MAX. WORKING VOLTS SPINDLE/ 
TRACK... ees ove ove .-- 1,000 V.D.C. 
MAX. GANGED SECTIONS re 


TAPPING POINTS CAN BE PROVIDED TO SPECIFICATION 
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SPECIFICATION 


RATING 

RESISTANCE RANGE— 5 turn 
RESISTANCE RANGE—10 turn 
RESISTANCE TOLERANCE... 
INDEPENDENT LAW ACCURACY 

MAX. WORKING VOLTAGE, SPINDLE/ 


TRACK... wks 





2 Watts 

50 2-10K Q 
100 2-30K Q 
+5% 

t$1% 


1,000 V.D.C. 


TYPE GLR 24/00 


MINIATURE HELICAL POTENTIOMETER 





The type CLR 24/00 is a miniature helical Potentiometer designed for preset or knob! 
control applications where a high degree of resolution is required in a minimum of] 
panel space. ' 

The Resistance Element wound on a Lewmex enamelled copper wire mandrel 17 in,| 
long, giving approximately 10} helical turns is housed in a machined high grade S.R.B.P.} 
tube with phenolic moulded end caps and external additional insulated sleeve. A dural. 
umin bush is rigidly moulded in position and spindle and bush are machined to fine limits, 


ca” BE SUPPLIED AS A 5-TURN MODEL WITH BEHIND PANEL LENGTH Z 
in. 











SPECIFICATION 


RATING “s 
RESISTANCE RANGE 


RESISTANCE TOLERANCE: 
Standard ead pers 
Best Practical 


INDEPENDENT LINEAR ACCURACY 
MAX. WORKING VOLTS SPINDLE/TRACK 
EFFECTIVE RESISTANCE ANGLE... 
MECHANICAL ROTATION 
MAX. STARTING TORQUE 
CENTRE TAP IF REQUIRED 


5 Watts 
100 O-250K Q 


+5% 
LI% 


+0-2% 

1,000 V.D.C. 
3,600°-0+5° 
3,610 + 10° 


10 oz/in. 


TYPE CLR 25/01 


TROPICALLY SEALED TO MEET THE REQUIREMENTS 
OF J.S. SPECIFICATION RCS/I2I (DEF 5121!) 


The Helical Potentiometer is of unique design in which an unusually long 
precision wound slide-wire is helically coiled within a small compact case. 
Already used in many modern electronic applications—includin 
Radar, Electronic Computors, Laboratory Instruments, etc., the Helica 
Potentiometer has many advantages as a Variable Resistance Control, 
particularly compactness, fine adjustment and accurate linearity. 

Housed in light alloy case, the Potentiometer is completely sealed ant! 
terminations are brought out through ceramic terminals. Two neoprene 
rings interspaced with a grease-packed groove in the spindle-bush assembly, 
ensure almost hermetical sealing. 

This helical Potentiometer can also be supplied as a slide-wire with 
infinite resolution in the range | Q-5 Q. In this form the resistance element 
is a single length of nickel/chrome wire. 




















SPECIE 
RATING 


RESISTAI 
RESISTAI 


ABSOLU 


MAX. W 











TRA 
EFFECTI\ 
TOL 
LOCATING HOLE 
125° Oi « 125" FITTED WITH 1 FLUNG MAX. ST 
Re a lt EE TT : 
WASHER 
5 coma MAX. G, 





PPINC 








eset or knob! 
minimum off 


andrel 17 in,! 
rade S.R.B.P} 
2ve. A dural. 
(0 fine limits, 


EL LENGTH 


% HOUSING 


% «SHAFT 





% TERMINALS 


ELEMENT 





resolution. 
ENTS 
% CONTACTS Precious metal to ensure long life, low electrical noise and low contact resistance. 
| 

a = %* Fixing is usually by means of small clamps allowing the rotation of the unit for datum setting but 
-including single bush mounting or 3-hole fixing can be supplied. 
re Helica 

Control % The construction of this Potentiometer enables a number of tapping points to be made at varying 
’ intervals on the winding depending on the total number of helical turns. 

ealed and! § cep g 

neoprene 

assembly, %& Potentiometers can be supplied with rear extension shafts and also in 2-gang units. 
ape ABSOLUTE LAW ACCURACY: STANDARD +0-25% BEST PRACTICAL +0-05% 





SPECIFICATION 


RATING ss 
RESISTANCE RANGE 


RESISTANCE TOLERANCE: 
Standard a ate 
Best Practical 


ABSOLUTE LAW ACCURACY 


MAX. WORKING VOLTS SPINDLE/ 
TRACK ... swe ae oA 


EFFECTIVE RESISTANCE ANGLE 
TOLERANCE ... eee ose 


MAX. STARTING TORQUE 
MAX. GANGED SECTIONS 
PPING POINTS AS REQUIRED 


* MOUNTING 


* RESISTANCE 





Precision machined high grade S.R.B.P. tube. 


Precision ground stainless steel mounted in selected ball races. 


Heavily silver plated. 


. 0.4 Watts per turn 


10 Q-25K Q per turn 


+5% 
+'1% 


. Std. 40.25%) (10 


Spec.+0-05% f turn) 
1,000 V.D.C. 


- 
14 oz/in. 


oe 





Precision machined duralumin base with locating spigot concentric with shaft. 
Attractively anodised. 


Consists of enamelled copper mandrel wound with selected resistance alloys to 
give the required resistance value with low temperature co-efficient and high 


TYPE CLR 26/00 


PRECISION MULTI-TURN HELICAL 
POTENTIOMETER 


3 TO 20 TURNS 


The type CLR 26/00 Helical Potentiometer has been developed 
primarily for mechanical drive and use in servo systems. 


WHILST THE POPULAR DEMAND IS FOR THE 10-TURN 
VERSION, IT CAN BE SUPPLIED WITH ANY NUMBER OF 
TURNS IN THE HELIX FROM 3 TO 20. 

STANDARDS ARE 3-, 5-, 10-, 15-, OR 20-TURN. 











SPECIFICATION 


RATING 
RESISTANCE RANGE 


RESISTANCE TOLERANCE: 
Standard ‘ 
Best Practical 


ABSOLUTE LAW ACCURACY: 
Standard 
Best Practical 


MAX. WORKING VOLTS SPINDLE/TRACK 


EFFECTIVE RESISTANCE ANGLE.. 
Tolerance adi 


MAX. STARTING TORQUE 
TAPPING POINTS TO SPECIFICATION 


can give a descrimination u 
Housed in a duralumi 


of its kind yet produced. 
* SHAFT 
* MOUNTING 
* CONTACTS 


15 Watts 


1,000 ohms to 


1.5 megohms SPACED ON £750°PCD. 
sence SN Ee ESD 


3% 
LIY%, 


-0.25%, 
-0.01% 
1,000 V.D.C. 


10,800° 
—0°+2° 


3-5 oz/in. 


TYPE GLR 27/00 


PRECISION 30-TURN HELICAL POTENTIOMETER 


Designed to provide the highest resolution, the 30-turn resistance elemen 


p to -0007%. 
n case with a unique internal construction 


great precision the potentiometer is possibly the most accurate instrumen} 


Stainless steel mounted in precision ball race 
Three hole servo mount with concentric spigo 


Precious metal for long life, low noise and lov 
contact resistance. 


J 
ZHOLES 4BAx 7 DEEP EQUI 














TURNS 


A49— 10 Turn 


INDICATING DIALS 


A559— 15 Turn 


10 and 15 Turn Dials with accuracies of | part in 1,000 and | in 1,500 respectively, aluminium body finished satin chrome colou 
with large diameter silver anodised clear reading scale. 


Quick change turns indicator with only one number visible avoids ambiguity. 
Secured to panel by component bush and nut, knob fastening directly to shaft eliminates backlash. 
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ball race 
Registered Trade Mark 
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se and low 4 





the new insulator 


Ralsin (Nylon 11) combines all the long-established qualities 
of other polyamides—toughness, mechanical strength, high 
softening temperature and resistance to chemical action—with 
an extremely low degree of water absorption (1.6% after 

400 hour immersion). This means that Ralsin is the first of its 
; family to be a really satisfactory insulator, even in a 

: i. as ' i saturated atmosphere or when completely submerged. 


a 












Here are some facts : - 

Volume Resistivity :- 3 x /0!4 ohm-cm for 
me we 64 2.5 mm thick sample at 80°% R.H. for 4 days. 

yi) Tea | Dielectric Strength :- 64 kV/mm for a 

» eb we sample 0.1 mm thick. 
. Power Factor:- 48 hours of total immersion 
in water resulted in an increase in tan d from 0.030 
to 0.045 at 1000 c.p.s. 





~ 














Detail of radio crate 
showing Ralsin terminal 

blocks, injection moulded 
by Ward, Brooke & Co., 

Limited. 


>me color 






And in application, as in possible shape, Ralsin is amazingly 
versatile—it can, in fact, be moulded, extruded, coated, 
dipped or machined into almost any desired form, 

from terminal blocks to coloured tape, from capacitors to coil 
formers, from switches to screws, for use in all manner of 
electro-domestic, aircraft or sensitive electronic installations. 
Yet in the most complex shape or thinnest section, 

Ralsin remains stable both physically and electrically. 


















But to do Ralsin justice, and to set forth all the relevant 
technical data of this outstanding polyamide, 

Brochure No. T/R/6 has been prepared and will gladly be 
sent on request. Please do not hesitate to write. 


WHIFFENS 


A member of the Fisons Group of Companies 


CHEMICALS FOR INDUSTRY 


Whiffen & Sons Ltd., Willows Works, Derby Rd., Loughborough, Leicestershire 
Tel: Loughborough 3141. Grams: Whiffen, Loughborough, Telex. Telex No. 34548 
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7 
A RANGE OF TRANSISTORISED 


with these features 





* FOUR TERMINAL NETWORK 


nominally zero impedance at your circuit. Resistance 
of interconnecting leads automatically eliminated. 


* OVERLOAD PROTECTION 


latching relay ensures unit cut out on overload. 
Fuses protect unit against component failure. 





103 
LOW TEMPERATURE RISE Gueput: «—««GSOV, 1A. OV, 1A 
exclusive use of C core transformers. Weight: 134 di _ 
Price: £93 £85 
* METERS 
grade | E. TURNER ammeter and voltmeter. 
WORKMANSHIP 
to highest standards, ROBAND standards. 
PERFORMANCE 
IMPEDANCE: <0.05 ohm 
RIPPLE: <I m.V 





OUTPUT VARIATION: Less 


than | part in 1200 for 7°, mains change. MODEL T102 TI05 
— eo 7 oat — 

MAINS 200/250V. A.C. (115V models available) Weight: ~ a 

Price: £100 £118 


%* Not applicable to sub-units. 


ALL PRICES EX-WORKS 


ROBAND 
ELEGTRONIGS LTD. 





MODEL T104 0-30/0-30V, each section IA. 





Size: 162” x 8” x 103” high 
33 Mountgrove Road, Highbury, N.5 Weight: 35 Ibs ae 
Price: 


Basically a centre tapped D.C. supply with 
independent controls. 





Telephone: CANonbury 4581 /858! 


X 
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with 





REGULATED SUPPLIES... 


MODEL TI00 25V max at IA. 





Size: 7}’ x 4” x 53” high 
Weight: 5 Ibs. 
Price: £45 





MODEL TIi08 50V max at IA. 





Size: 8)” x 53” x 6)” high 
Weight: 8 Ibs. 
Price: £55 





MODEL TI09 50V max at 2A. 





Size: 10}” x 53” x 7}” high. 
Weight: 13 Ibs. 
Price: £70 


; All sub-units are supplied at fixed voltages. Thus 
1 @ 1100/24 is a 24V IA supply. The output can be 
} readily altered to any fixed voltage within the range. 


a 








MODEL TI06 0-100V, IA. 





Size: 214” x 13” x 112” high 
(Standard 19” x 8}” panel) 

Weight: 50 Ibs. 

Price: £149 





MODEL TI07 0-100V, 2A. 





Size: 21)” x 13” x 11?” high. 
(Standard 19” x 8}” panel) 

Weight: 60 Ibs. 

Price: £183 


' 

' Also: A RANGE OF FIXED AND 
| VARIABLE STABILISED SUPPLIES UP 
' TO 500 Vv 

| And: A RANGE OF R.F. STABILISED 
' SUPPLIES UP TO 50 K.V. 





ELECTRONICS LTD. 


33 Mountgrove Road, Highbury, N.5 


y, 


Telephone: CANonbury 4581 /8581 
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A COMPLETE RANGE OF VACUUM TUBE sieeve SUPPLIES 


WITH THESE FEATURES... . 


FREQUENCY RESPONSE—complete stability from | c.p.s. to beyond 
100 k.c.s. 


STABILITY—guaranteed for + 10% mains variation—double triode 
difference amplifiers ensure freedom from drift. 


LIFE—conservatively rated components ensure long life. 


IMPEDANCE—. preset potentiometer allows for smooth impedance 
adjustment from positive to negative values. 


MAINS—200/250 V.A.C. (115V models available). 


FRONT PANEL UNITS—itted with Plessey Mark IV or Films & 


Equipment Jones type plugs & sockets. Please state preference. 


| AMP UNIT 





































































































































































































D.C. Output ffective Voltage ‘ , Price 
Model mee water A.C. Outputs —, Stability Ripple Size Ex-works 
OPEN CHASSIS UNITS 
M23 +150V 0-50mA 6.3V2A & 6.3VIA <0.1.2 <0.02% <ImV 6” x 54” x 52” ht. £30-0-0 
~M23A | +200V | 0-50mA 6.3V2A & 6.3VIA | <0.10 <0.02%% <ImV | 6” x 53” x 53” ht. £30-0-0 
M33 £250V | 0-50mA | 6.3V2A & 6.3VIA <0.1.0 <0.02% <ImV 6” x 54” x 53” ht £27-10-0 
MI4A E100V- | «(0-100mA 2x 6.3V3A C.T. <1.0Q <0.02% | <ImV 10}” a x6y" ht. | £63-0-0 — 
~M24 LI50V. | 0-100mA 2x 6.3V3A C.T. <0.1.2 <0.02% | <ImV 72” x 62” x 6}” ht. £33-10-0 
M24A +200V 0-100mA 2x6.3V3AC.T. | <0.10 <0.02% | <ImvV “Tx ae <6}” ht. £33-10-0 
M34 +250V 0-100mA 2 6.3V3A <0.1.2 <0.02% <ImV_ | 73” x 63” x 6}” ht. £33-10-0 
M34A +300V 0-100mA 2 6.3V3A <0.1.2 <0.02%, <ImV 72” x 62” x 6}” ht. £33-10-0 
M25 +150V 0-200mA 2x 6.3V3A C.T. <0.1.Q <0.02% <ImV 82” x 84” x 52” ht. £52-10-0 
M25A +200V 0-200mA 2x 6.3V3A C.T. <0.1.2 <0.02%, <ImV 2” x BY” x 53” ht. £52-10-0 
M35 +250V 0-200mA 2x 6.3V3A <0.1.0 <0.02% <ImV 83” x 8)” x 53” ht £52-10-0 
M35A +300V 0-200mA 2x 6.3V3A ~ <0.10 <0.02% <ImV_ | 83”x 84” x 53” ht. £52-10-0 
M26SA +200V | 0-500mA 2x63V5AC.T. | <0.12 <0.02% <ImV_ | 14” 114" 84" ht. £88-0-0 
M36S +250V 0-500mA 2x 6.3V5A <0.1.2 <0.02%, <ImvV 14” 114” BY” ht. £88-0-0 
M36SA +-300V 0-500mA 2x 6.3V5A <0.1.2 <0.02%, <ImV 14” x 114” x 84” ht. £88-0-0 
M28A £200V. | 0-350mA 2x 6.3V5A C.T. <0.1.0 <0.02% <ImV_ | 133”> i < 62” ht. £66-0-0 
M38 | +250V | 0-350mA | 2x6.3V5A <0.1.0 <0.02% <ImV 134” x 83” x 63” ht. | £66-0-0 
M38A £300V. | 0-350mA | 2x6.3V5A <0.1.0 <0.02%, <ImV mira ei < 62” ht. | £66-0-0 
19 in. FRONT PANEL UNITS 
M26A + 200V 0-500mA 2x 6.3V5A <0.1.Q <0.02% <ImV 19” x 12” x 82” ht. £97-10-0 
M36 =| = +250V 0-500mA 2x 6.3V5A <0.1.Q <0.02%, <ImV 19” x 12” 83” ht. | £97-10-0 
M36A +300V. | 0-500mA 2x 6.3V5A <0.1.Q <0.02% <ImV 19” 12”x 83” ht. =| ~£97-10-0 
M27A +200V 0-1.0A 2x 6.3V5A <0.1.Q <0.02% | <ImV_ | 19’x 153” 83” ht. £165-0-0 
M37 £250V. | 0-1.0A 2x 6.3V5A <0.12 <0.02%, <ImV 19” x 153” x 83” ht. £165-0-0 
M37A | +300V | 0-10A | 2x6.3V5A <0.1.Q <0.02%, <ImV 19” x 153” x 83” he. £165-0-0 
M29A +200V 0-2.0A 2x 6.3V5A <0.1.0 <0.02% =Imv | 19" 18" > 104” ht. £255-0-0 
M39 +250V 0-2.0A 2x 6.3V5A <0.1.0 <0.02% <ImV 19” x 18” x 104” he. £255-0-0 
M39A_ |  +300V 0-2.0A 2 6.3V5A <0.1.0 <0.02% <ImV 19” x 18” x 104” ht. £255-0-0 











MI4A UNIT 


33 ieee Road, Highbury, N.5. 


MADE AND GUARANTEED BY 


OBAND 


ELECTRONICS LIMITED 


Telephone : CANonbury 4581 & 8581 
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Precision heat treatment 
of electronic valve components 
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a Used by leading manufacturers in 

0-0 the electronic industry, the Royce High 
0-0 

0-0 

0-0 

a 











Temperature Hydrogen Furnace 
provides for precision heat treatment 

of nickel, chrome, tungsten, molybdenum 
—— and other special alloys. Suitable for 
temperatures up to 1750°C. 

Pure alumina lining and insulation. 
Hydrogen atmosphere throughout. 
Automatic or hand control. 











For details write for leaflet RF.5 





ROYCE ELECTRIC FURNACES LTD 


Designers and manufacturers of furnaces, ovens and kilns for all industries 


SIR RICHARD’S BRIDGE * WALTON-ON-THAMES * SURREY 
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GENERAL 





PURPOSE OSCILLOSCOPE TYPE 5 

















@ Dimensions—17’ x 10" x 11’. 
@ Weight—30 lbs. 
@ Time Base—9 preset 3-30,000 microsecs. 
@ Delay—2o to 20,000 microsecs. 
@ X1 & X2 Plates—Direct. 
Sensitivity—30 volts/cm. 
@ Y1 & Y2 Plates—Direct. 
Sensitivity—45 volts/cm. 
@ Y Amplifier— 
Constant Bandwidth. DC to 4 Mc/s (6 db). 
Constant Gain (x 100). 
Input Voltages 0.5 to 500. 
@ Z axis socket for Brill. Mod. 
@ Synch.—better than 
0.5 volts at Y input. 
@ Trigger—better than 
3 volts (R.M.S. sine wave). 
@ Time Base Waveform socket on panel. 
@ C.R. Tube—4 Anode—2}" dia. 


The Oscilloscope has a STABILISED H.T. SUPPLY 
which allows a direct reading against calibrated graticules 
regardless of supply fluctuations. NO ELECTRO- 
LYTICS are used. 


The DELAY CIRCUIT allows any part of a repetitive 
waveform to be viewed up to 20,000 microsecs from 
synch. edge. This is particularly useful, for instance, for 
examining T.V. Waveforms line by line up to the next 
frame. 


All circuit components are in a low-temperature area and 
ventilation is arranged to provide an air flow in at the 
bottom front and out at the top front. This allows the 
Dust Cover, devoid of vents, to be a DUST COVER. 
Cable connectors are stowed behind a removable cover 
at the base of the Front Panel. 








Price £65 Ex ‘Works 





Send for full details and photograph of interior to:— 


ERSKINE LABORATORIES LIMITED 


SCALBY SCARBOROUGH 


YORKS Tel SCALBY 483 
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the name to remember for 


INDUSTRIAL TYPE 
TRANSISTORS 


BIDIRECTIONAL GERMANIUM TRANSISTORS 
(Effectively symmetrical in significant parameters) 


TYPES TK 20 B, TK 25B 

For high frequency switching circuits (8 Mc/s and 
above with the TK 25 B), or small signal amplifi- 
cation. 

TYPES TK 21 B, TK 24B 


For intermediate frequency, high voltege switching 
circuits, or small signal amplification. 


ASYMETRICAL GERMANIUM TRANSISTORS 


TYPE TK 23 A 

For general purpose low and_ intermediate 
frequency applications, and telephone and tele- 
graph carrier systems. 

TYPE TK40A 

For audio and intermediate frequency oscillators 
and amplifiers requiring high gain and a power 
output of several hundred milliwatts. 


SILICON TRANSISTORS 


TYPES TK 70 A, TK71 A 

For amplification, switching and control in 
extremes of ambient temperature; and having 
excellent saturation characteristics at high col- 
lector currents, unusual in silicon transistors. 
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Srandard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
TRANSISTOR DIVISION: FOOTSCRAY - SIDCUP - KENT 
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making the right contact 


is something we have been doing 
for a very long time and, like the 
tennis player, our success is largely 
o 






Kc 
x [) 





nmin 


(iff 
\\ 


based on our experience. 


With nearly 200 years of history in 
the working of precious metals, we 
B g can confidently say that with the 

“Thessco” and “Thessconite” range 
of electrical contact materials we are 
always making the right contact. 





Write for our latest catalogue or ask 
for one of our technical representatives 
to call for a full discussion. 





HEPPLELD SMELLING 
Company Limited 
HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD, 4. 
also in LONDON and BIRMINGHAM. 
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The proved reliability of the Brimar “‘T’ range of vaives has been 
“built-in” as the result of experience gained from a programme of 
examination and testing. One of these tests is illustrated. Valves are 
placed in a rotor inside a chamber which is later evacuated. The 
rotor is then accelerated at high speed to simulate the effects 
experienced by super high speed aircraft flying at high altitudes. 
The information derived from this and other tests on valves for special 
applications is used to improve manufacturing techniques on com- 
mercial types: which makes Brimar the obvious choice when the 
demand is for a reliable valve. 


better make it l} MA 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
VALVE DIVISION: FOOTSCRAY - SIDCUP - KENT - FOOTSCRAY 3333 
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joint responsibility... 





To rely on Enthoven for a// your soldering requirements is a policy 





that will take a load off your shoulders... 


Superspeed and Superspeed ‘XX’ cored solders are un- 
equalled for general assembly work on radio, television, 


electronic and telecommunication equipment: 





Enthoven preforms, such as cored solder washers, 


rings and pellets, are available or can be designed to 
meet the precision requirements of the most advanced 


manufacturing techniques: 








P R 


The comprehensive Enthoven range of solder products 
comprises cored solder wire, solid solders, materials for 
soldering aluminium and for the processing of printed 
circuits, fluxes of all kinds, standard and special preforms 
and many other special-purpose products. For technical 
information on all these items please send today for your 
copy of ‘‘Enthoven Solder Products”’ — or for more detailed 
technical literature on any soldering materialin which you 
are specifically interested. 
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Enthoven aluminium cored solder is the perfect medium for 
soldering aluminium to aluminium — or aluminium to copper, 
tinned copper, tinned and silver-plated brass and most other 
non-ferrous metals: 


ENTHOVEN 


S OLDER 








Oo DUCTS 


ENTHOVEN SOLDERS LIMITED 
Sales Office & Works: Upper Ordnance Wharf, Rotherhithe Street, 
London, S.E.16. Telephone: BERmondsey 2014 


Head Office: Dominion Buildings, South Place, London, E.C.2. 
Telephone : MONarch 0391 
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COURSE 





WE CALL THEM 


CAPACITORS, THESE DAYS” 


Condensers... or Capacitors ? 

Whichever you really favour, you’d better fall in line with 

the little egghead. Any day now, when he’s designing his first 

electronic computer, he’ll be solemnly specifying 

S.T.C. Capacitors — and expounding at awful length on the reasons why. 

Good reasons, too — but you doubtless know them already. So let’s 

cimply remind you STANTELAC CAPACITORS 

that we are now STANTELUM ELECTROLYTIC CAPACITORS 

manufacturing : MINIATURE STANTELUM ELECTROLYTIC CAPACITORS 
STANTELISED METALLISED PAPER CAPACITORS 


AIRCRAFT AND MARINE SUPPRESSORS 


Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.€.2 





CAPACITOR DIVISION: SALES DEPARTMENT - FOOTSCRAY - SIDCUP - KENT 
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of our orders are repeats... 


for our Transistor Amplifier Type TA2B. Its 
sensitivity of 2 microvolts for full scale deflection 
and low noise level of 3°% make it an essential for all 
small signal analysis in the range 150 c/s to 10 Kc/s. 
Extensively used by many research establishments for 
field measurements and the detection of modulated 
microwave signals, it incorporates a built in balance 
circuit for the comparison of two anti-phase inputs 
permitting bridge measurements independent of source 
power variations. Selective frequency 3.2 Kc/s, 

or as requested. 


Full details are contained in our leaflet A15 





Transistor 
Amplifier 
Type TA2ZB 


follow their lead, contact... 


(ih) Microwave Instruments Ltd. 


WEST CHIRTON INDUSTRIAL ESTATE - NORTH SHIELDS - NORTHUMBERLAND Tel: NORTH SHIELDS 3606/7 
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A new service for equipment 
designers and engineers 







VOLS.1&2 


SPECIAL VALVES 


VOL. 3 


TRANSISTORS 
MAGNETIC MATERIALS 


QUARTZ CRYSTALS 
RECTIFIERS - CAPACITORS 
s a * Vo L. 4 (to be issued in June) 


BRIMAR VALVES 


ey 
Please register me as a subscriber for the 


| S.T.C. Components Handbook. A Cheque/ 
. ° e ° ° ° . of * 
Equipment designers and engineers will find extensive use for this new service | P.O. for £1 is enclosed. | 
by S.T.C. Data Sheets on the full range of S.T.C. Components are included in | ~ | 
* ‘ame 
these three loose-leaf volumes and amendments and additions will be made at | | 
quarterly intervals. The cost to subscribers of £1 per annum will include the j Company .. | 
binders, data sheets and all subsequent amendments. | atlas l 
* This applies in U.K. and N.Ireland only. Overseas | 
Subscribers are requested not to send fee with E.E.4 | 
application. ica { 


Standard Telephones and Cables Limited 


CONNAUGHT HOUSE: ALDWYCH » LONDON WC2 
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SUN VIC 


Standard 
Pulse 
Generator ee 


+ 2mV. 











STABILITY. 





Over 8-hour period: better than — 0.05°, allowing 


Originally designed for accurate 


mains variation of + 5% 
measurement of channel threshold and 


width in pulse height analysers, this 
generator is valuable in numerous applications 


PULSE CHARACTERISTICS. 

















requiring a shaped pulse of high — ae ye 
accuracy and stability. | 
Rise Time 10-90% 0.4 2.0 | 25 
Full technical specification from Width at 0.5 peak 1.75 8.75 | 43.7 
SUNVES CONTROLS LEP Decay time 100-10% 3.0 15.0 75 
P.O. BOX 1 - HARLOW - ESSEX - TEL: HARLOW 25271 


Control and research equipment for sevence aud industry 


An A.E.1 Company SC /83 
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70-mile  over- 
water path 
employing the 
latest auto- 
matic diversity 
system in 
which the SHF 
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signals are 
combined in 
the correct 
phase’ before 
entry into the 
receiver. 
a 
oS SS 0 70 4D OP top mes 
4 
A, @ 20 46 60 80 100 120 140 160 “MENS 
is TERMINAL REPEATER 


a@——>—_1-WAY TELEVISION CHANNEL 


75 @———P4—  600-CIRCUIT CAPACITY 2-WAY TELEPHONE CHANNEL 
Ife CAPE MB -----PE- 2-WAY TELEPHONE & TELEVISION STANDBY CHANNEL 


NORTH 


I 


S.T.C. are supplying main line microwave 
telephone systems to 16 countries and have 
already supplied systems with a capacity of over 
1 million telephone circuit miles, 2000 television 
channel miles and an equal capacity of standby 
equipment. 

S.T.C. are supplying a 4000 Mc/s multi-channel 
microwave telephone and television system to 
the Canadian National Railways. It will form 
the final link in the trans-Canadian tele- 
vision network. The 536-mile route between 
St. John’s and Sydney, Nova Scotia includes a 
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UU, 


!/WORLD-WIDE 


EXPERIENCE 


70-mile over-water path, employing dual diver- 
sity reception, across the Cabot Strait. 

Standard Telecommunications Laboratories, 
England, in conjunction with S.T.C. (Canada) 
carried out the propagation tests on the route 
and S.T.C. (London) in collaboration with their 
Canadian associates will provide technical assis- 
tance during installation. 

S.T.C. are also supplying: ‘7000 Mc/s Micro- 
wave Links to Television Studios, Supervisory 
and Remote Control Equipment, Antennae, 
Test Equipment and Entrance Cables. 


ST. JOHNS 





One of 16 countries having 
S.T.C. MICROWAVE SYSTEMS 


ELECTRONIC 
| SYSTEMS 









Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


GROUP TRANSMISSION DIVISION: NORTH WOOLWICH - LONDON . E.16. 
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yWeal &WORK WEAR 




















OVERALL SERVICE 


For most jobs in the works and factory, Sketchley can supply free of charge and on loan, coloured overalls, (men’s 
and women’s) in a wide range of pleasing styies. Each wearer is individually measured and Sketchley deliver clean 
garments weekly; repairs are done when 
WHITE OVERALLS . necessary (including button replace- 
a anet women) ments) and the garments are replaced 
White long coats * vailable when worn out. Firms Badge service 
are now readily 2 now available. Please write for full details. 








anal 
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Made under U.S. licence from 
Winchester Electronics Inc. 


» METHODS 












So LTD (050 gsse® 
COF STEVENAGE ) 





mnounce 





printed circuit 

connectors 
Jor the 

0-1" INTERNATIONAL 



































BK series 
Both these connectors 
BKM series are shown actual size. 
SOCKET NUMBER | CONTACT 
CODE No. | OF CONTACTS | SPACING 
— : ee BK 8 8 0.2” 
These precision printed-circuit connectors have pan 
gold-plated contacts (made from spring-tempered BK 12 12 0.2” 
phosphor-bronze) which provide low contact- a oe 
: : ose BKM 17 17 0.1° 
resistance, prevent corrosion and facilitate ae ee 
soldering. Melamine mouldings, conforming to BKM 25 25 0.1’ 
B.S.S. 1322, provide high arc-resistance, and high seen ere - : a 
dielectric and mechanical strength. BKM 17-8 8 0.2 
BKM 17-9 9 0.2” 
BKM 25-12 12 0.2" 
BKM 25-13 13 ©. 2 





NOW AVAILABLE 





Type D2 two-pole Stackable Connector 
* Alternative contact arrangements ¥* Self-polarising stacks 
* 0.3” centres for 0-1” Grid applications 

















Full technical data 
and illustrated leaflets forwarded on request: 
ELECTRO METHODS LTD. Piug & Socket Division, 


17-41CAXTON WAY, STEVENAGE, HERTS. 








Telephone : Stevenage 2110-7 
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There is nothing special about 


DIGITAL TAGHOMETERS 


icc -.. after all they are simply devices for measuring pulse rates. 


eee eee ee ee ee eee ee ee ce 
Be ces ces ces ee ees es ee es ee ee 


mea a ae ar ae cea ee ee Instruments to do precisely this have been manufactured by us for 
years — ever since in fact we developed and introduced the Dekatron 
range of cold cathode counting tubes, nearly a decade ago. 

Circuits and layouts pioneered by Ericsson have passed into 


universal use and we regard it as a compliment that many other 


Our design and development programme, backed by knowledge and 
wide experience of these techniques and guided by an awareness of 
customer needs, has enabled us to produce standard instruments 


TYPE 104 which will meet all normal digital tachometer requirements. 


oe oe oe oe oe oe ee eG 


1 
l 

I 

I 

l 

manufacturers utilise these tubes as the basis of their designs. 
I 

! 

| 

| 

x 


All of these instruments have features which also permit them to be 


—_——— eee eee 
used in other industrial fields, e.g. interval timing, etc. 
a a : ; ‘ 
The recently introduced range of counting sub-units, 
has enabled us to meet and solve an increasing number of applications 
problems on an even wider front. 


As a result of this progressive policy you can 


at prices which cannot be bettered. 


Please do not hesitate to call on our application engineers—they 


are always at your service for all counting problems. 


TYPE 103 


I 

! 

I 

J | 

| have ‘‘tailor made’’ or standard instruments of any complexity 
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TYPE 101 TYPE 144 TYPE 103 








INEXPENSIVE 





SIMPLE TO OPERATE 





ps. | K.ps. or 100 c.p.s 


RELIABLE IN SERVICE sail aias ca as or ee peipis saci mp altar 





BUILT TO LAST 





Timing Periods 





If you would like complete details, 
please write to:— 








From £220 From £250 From (223 




















INSTRUMENT DIVISION 


‘ IC * 1@)\| HIGH CHURCH STREET, NEW BASFORD, NOTTINGHAM. Tel. No: 75115 


PEOPLE WHO COUNT USE ERICSSON 


FRICSSON TELEPHONES LIMITED, HEAD OFFICE: 22 LINCOLN’'S INN FIELDS, LONDON, W.C.2. Telephone: HOLborn 6936 
c113/91 
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Sealing Components from 


Fluorocarbon Plastics 





il ©1516): 16) DAWN 61 0 rn On BL 


OIL SEAL DIVISION :COAST ROAD:WALLSEND-ON- TYNE 
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From .C.1. AMMONIA- 


Nitrogen and Hydrogen 
for Industry 


1.C.1. Ammonia provides industry with a cheap 
and reliable source of pure nitrogen and 
hydrogen. And I.C.I. gas generating plants are 
available to convert ammonia into a wide range 
of nitrogen/hydrogen gas mixtures. 


Anhydrous Ammonia 

with a guaranteed minimum purity of 99.98%, 
to meet more exacting requirements, is 
offered in bulk and in a wide range of cylinder 
sizes. 


HYDROGEN 


ELECTRONIC ENGINEERING 











80 


Liquefied Ammonia (/ndustria/ Quality), 
a cheaper grade, is available in bulk and in 
two-ton containers for the larger consumer, 
and makes possible substantial economies in 
gas costs. 


A bulk delivery of 10 tons of ammonia 
provides over 13 million cu. ft of nitrogen. 


Full information on request. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
LONDON, S.W.1. 
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The design and dimensions are to the international 
standard. With the sockets, backing plates can be 
supplied for complete insulation from the chassis. 
Please write for Leaflet No. 4992 


CARR FASTENER CO LTD 


STAPLEFORD-:-NOTTINGHAM 


London: 197 Gt.Portland St., W.1 Phone: Langham 3253/4/5 Manchester: 50 Newton Street, Manchester 1. Central 4057 
Birmingham: 214-5 Daimler House, Paradise St., Birmingham, 1. Midland 2297 Glasgow: 13 Queens St., Glasgow. C.1 City 3202 


MAY 1959 ELECTRONIC ENGINEERING 








EE 9080 for further details 


The heart of the matter... 








FERRANTI LTD - GEM MILL : CHADDERTON -: OLDHAM : LANCS + Telephone: MAln 6661 . 
London Office: KERN HOUSE * 36 KINGSWAY <: W.C.2 Telephone: TEMple Bar 6666 
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... the art of the matter 


offer the widest range of 


S7ZICON Semiconductor Devices 


in the United Kingdom 


Ferranti Ltd. were the first company in Britain 
to introduce Silicon semiconductor devices as 
used in magnetic amplifiers, in aircraft, guided 
missiles, radar and computers. Until recently 
they were the only firm in the United Kingdom 
supplying silicon diodes in quantity. Comm- 
encing their programme of research and 
development in 1954, they have already made 
outstanding contributions to technique, and 
are now producing at Gem Mill, Oldham well 
over half-a-million silicon diodes annually 


FERRANTI 


SILICON 


SEMICONDUCTOR 
DEVICES, 





1959 


in the widest range offered by any British 
manufacturer. 

Among the 120 or more different devices 
are rectifiers, fast diodes, zener diodes, tetra- 
layer diodes and triodes, alloy junction 
transistors, diffused junction transistors, photo- 
voltaic cells, voltage variable capacitors and 
many new ones. 

Data Sheets, Application Reports etc., advice 
and assistance in techniques of application 
are freely available. 


Visit the International Transistor Exhibition 
promoted by the Electronics and 
Communications Section of The Institution of 
Electrical Engineers, 21-27 May, at Earls Court, 
London. Admission by ticket only, available from 
Ferranti Ltd. or from the I.E.E. 


FE 189 
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for sound recording 


and reproduction.... 


the E.M.1. range 


of components 





NEW 4-SPEED RECORD PLAYING DECK 


Especially suitable for stereophonic record reproduction. 
Incorporates an auto-trip and finger-tip control speed-change 
mechanism. Mains and battery versions. Inexpensive and simple 
design, with the performance of a transcription turntable unit. 





ft 


Loudspeaker units 


including tweeters and ‘“‘slot’’ speakers and combinations 
recommended for High Fidelity equipment. 





Mains and battery motors 


suitable for record players, tape recorders, gramophones, 
and many industrial purposes. 





E M I TA 4 E the world-famous magnetic recording tape for 
professional and domestic use. ‘77’ pen tested; 
‘88’ general purpose; ‘99’ Long Play 
Emitape for instrumentation, computers, telemetry, 
video and data recordings, etc. 


E M I Fl L M sprocketed magnetic recording film 
for ciné and teleciné applications. 








We shall be pleased to answer your enquiries and to discuss individual requirements 


Seon .-8t. BALESB & SERVICE tLTo 
HAYES - MIDDLESEX -: Tel: SOUthall 2468 


ss/c/s 
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Relays that latch magnetically and hold 
without power We call them REMANENT RELAYS. They make 








+ 7 \ ys obsolete the use of hold-on coils and contacts and 
AN X\ are eminently suitable for DIGIT STORE and 
¢ REMOTE CONTROL applications. Fitted with cores 
¥ x soul af acigeenisedaphala 2 alieantigoctn, wil 
! 
“4 x ? the in flux is cancelled. sous 
\ 4 Y ya Two versions—types 3,000 and 600. Fitted with 
ay ~N y. a variety of coil windings and contact assemblies. 


We shall be glad to give you full specification details. 
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~~ eee REMANENT RELAYS 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division 
Hollingsworth Works 
London SE21 
Telephone: GiIPsy Hill 2211 
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The very best connections 





... Secured by | Plessey | 









SUB-MINIATURE COAXIAL CONNECTORS 


Asa contribution towards increasingly compact 
equipment, Plessey have introduced this new, 
highest quality and fully comprehensive range 
to allow a new approach on applications hither- 
to restricted by the limitations of existing 
connectors. 











Designed for the matched impedance coupling of 
high frequency coaxial cables operating in the 
super high frequency bands, these connectors— 
have a working voltage of 650 volts PEAK at 


sea level, and matched impedance coupling of 
50 ohm lines is accommodated. 













have hard gold plated contacts on silver plate 
to give maximum performance with minimum 
voltage drop. 














Approximately 2% x life size 





SERIES ‘110’ (15- and 30-way) MINIATURE 
ie RECTANGULAR CONNECTORS 


Developed specifically by Plessey to meet the 
demand for a safe, inexpensive connector for 
commercial applications, this new series em- 
bodies excellent electrical and mechanical 
characteristics, and the many unique features 
that make it really outstanding include :— 











* Plug pins and socket inserts are polythene 
shrouded to dispense with gaskets and en- 
sure insert anchorage. 


Mismating is prevented by corner pins and 
corner sockets. 







Extreme simplicity of wiring, demands less- 
skilled operation than the orthodox methods 
of soldering pins in situ. 








For further information please write for Publication Nos. 128 and 114 





ELECTRICAL CONNECTORS DIVISION - THE PLESSEY COMPANY LIMITED 


Plessey | CHENEY MANOR - SWINDON - WILTS - TELEPHONE: SWINDON 6251 


Overseas Sales Organisation: PLESSEY INTERNATIONAL LIMITED - ILFORD - ESSEX 
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COMPACT COOLNESS 


In a sense it’s an optical illusion. A magnetron valve cooler made by 
Marston sits snug in the palm of the hand— but, thanks to the ingenious 
corrugations of the secondary surface heat-exchanger, it presents two- 


and-a-half square feet of surface area. This is just one instance of the 





compact coolness Marston offers the electronics industry. Marston 
heat-exchangers, whether air- or liquid-cooled, are designed specific- 
ally for preserving component life and efficiency and reducing the drift 


of transistor characteristics. Don’t design round these problems: 


Marston can help you overcome them. 
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MARSTON EXCELSIOR 
The Mark of Craftsmanship 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND 


MAR 265 
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KENT ALLOYS LIMITED 


Manufacturers of precision-cast 
waveguide components for 


Aeronautical and Marine Navigation 
and approach equipment 


Castings of exceptionally fine surface finish 
and close dimensional tolerances are produced 
by our plaster processes in 


Aluminium, Magnesium, and 
certain Copper-based Alloys. 


O for Rad 


[ 
j _ a he. 
\ gurtace finish ii 


recision machining a 


Comprehensive machine shop facilities, 
allied with our foundries, enable us to 
supply fully machined and assembled 
units to your order. Our representatives 
and technicians would be pleased 

to discuss your casting requirements. 


KENT ALLOYS LIMITED 


ROCHESTER, KENT + Telephone: Strood 7674 


Birfield Industries Limited - Londons: W.1 
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MEMBER OF THE BIRFIELD GROUP 
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ALDRIDGE 






If you want a better job done in plastics, Aldridge 
will do it. Take this new telephone for instance. 
Thanks in a great measure to the use of plastic 
mouldings manufactured by Aldridge, here is how 


it compares with the present conventional type : 


It is approximately 40%, lighter 
costs 24°, less for materials 
requires only 25°%, of the labour 
is produced 210°, faster 


employs an 8 oz. injection machine 
instead of a 300 ton moulding press 
doesn’t need to be ‘de-flashed’ 

w holes can be punched instead of drilled 


@ made of tough, high impact polystyrene. 


Aldridge do a better job in plastics because they 
never stop thinking plastics, dreaming plastics and 
improving their techniques for manufacturing 
intricate, accurate shapes in plastics. Give them a 
product in another material—or even one already 
made in plastics—and it’s pretty certain that they’ll 
be able to give you a still better job in plastics. 
Let them see it in the design stage and they'll show 
you how it can be simpler, cheaper and better in 


plastics. 


You are invited to get in touch with 


ALDRIDGE PLASTICS LTD 


An A.E.I. Company 


Redhouse Industrial Estate, Aldridge, S:affordshire 
Tel: Aldridge 52031 (3 lines) 
Sales Office: 155 Charing Cross Road, London, W.C.2 
Tel: GERrard 4820 & 8660 
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ee 
3 Ee Conforming to Sections B & C of Specification EL1930, M.O.S. (Air) 


Siemens Ediswan PTFE insulated instrument wire, developed for certain highly 








specialised services, has a wide potential field of application in modern 
electronic engineering. The physical and electrical properties of PTFE make it the 
best material available wherever the emphasis is on performance 
and complete stability. In brief, PTFE has these advantages : 

w Stable at all temperatures from —75°C to +250°C 

w High dielectric strength 

ws Low dielectric constant 

w High resistance to corrosives and solvents 

s Non-chafing and self-lubricating 

w Available in 11 colours 

= Non-adhesive 
PTFE is extremely difficult to form, but we have considerable pioneering 
experience in its processing and fabrication. As a result we are able to produce 
PTFE insulation by extrusion with concentricity guaranteed to close limits. 
We are anxious to extend the uses of this wire and will gladly supply 
interested manufacturers with samples for them to test. If we can help you with 
information on the use of PTFE in any shape or form, please let us know. 


Send your enquiry to: 
SIEMENS EDISON SWAN LIMITED 24) 4.£./. Company 
PTFE SECTION (PD17) 


155 Charing Cross Road, London WC2 
Telephone: GERrard 8660. Telegrams: Sieswan, Westcent, London 
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Sticking our necks out? 


G.E.C. announce maximum junction temperature 
uprating to 85°C for their audio transistors. 
We know this claim isn’t too tall because we have sound reasons for making it. 
Recently our manufacturing techniques have been improved to the extent 
that life tests show that we can now quote an 85°C continuous working 
maximum junction temperature for G.E.C. germanium audio transistors. 
As a result of this, the already high maximum collector dissipation 
ratings have been increased even further. These new ratings, 
coupled with the typical alpha cut-off frequencies of about 1Mc/s, 
make the G.E.C. range of audio transistors unique. 








L97¥¢4 Ga AUDIO TRANSISTORS 


N\_Pl\ 











; LOW NOISE LOW POWERt+t MEDIUM POWERt 
Visit the - 
; 3 Maximum collector 
INTERNATIONAL Maximum noise ow collector dissipation 
factor = 5dB issipation oe _ 
|| TRANSISTOR (f=Ike/s, Rs= 500 2 at 45°C— 200mW at 5°C=s00mWw 
eee Vce=—2V, le=0.5mA) at 55°C=— 150mW at 55°C= 600mW 
| Exhibition : (on 3” x 3” cooling fin) 








1] EARLS COURT ic(pk)(A) a= ! ! 
1 may 21-27 





GET106 GETI1I4|GET1 13] GET103 |GET 102}| GET104 GET | ISGET I 16GET 105 





Vce(pk)(V) 15 15 15 30* 30* 30 15 30* 40* 






































tNew high gain types *Re/Rp>0.03 +Can be supplied in matched pairs 


G.E.C. Semiconductor Division, School St. Hazel Grove, Stockport, Cheshire. Tel: Stepping Hill 3811 
London enquiries Tem. Bar 8000. Ext. 10 
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A Cressall asbestos woven 


net. One. of many types 


deve loped and backed by 


years’ erperience 





... from the largest 





...to the smallest * 


RESISTORS 


Expamet-Cressall make and supply A toroidally wound 
vitreous enamelled 
rheostat for 


over 20,000 kilowatts to as low as 4 watts... long service and 
accurate control 














electrical units to handle every electrical loading from 


whilst it is unlikely that you will require the 
larger resistors, it is good to know that in 
Expamet-Cressall you have a simple, reliable organisation, 


more than equipped to meet all your specialised needs. 


EXPAMET-CRESSALL go together all the way 





The Electrical Division of 
The Expanded Metal Company Ltd. 






Expamet 

















London Office: Burwood House, Caxton St., London, S.W.1. Telephone: ABBey 7766. 
Works: Stranton Works, West Hartlepool. Telephone: Hartlepools 5531. 

The Cressall Manufacturing Company Ltd., Eclipse Works, 

Tower St., Birmingham 19. Telephone: Aston Cross 2666. 
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The TF 8o01D is the latest addition to the Marconi family of 
precision a.m. generators. With a frequency range of 10 to 470 
Mc/s, its salient features include superfine tuning with crystal 
checking, and oscillator 1.t. regulation for maximum stability. 
Spurious f.m. is less than 0-001°, of carrier frequency, and its 
high-quality 50-ohm output has a v.s.w.r. better than 1-2. 

Carrier level is continuously variable from o-1 »V to 1 volt and is 
stabilized by an automatic level control system. Sinewave a.m. up 
to 90%, may be applied both internally and externally; pulse 
modulation may be applied externally in the p.r.f. range 50 c/s to 
50 kc/s. 

Full details will be gladly sent on request—please ask for leaflet J142. 













AM & FM SIGNAL GENERATORS + AUDIO & VIDEO OSCILLATORS 

FREQUENCY METERS + VOLTMETERS + POWER METERS 

DISTORTION METERS . FIELD STRENGTH METERS 

TRANSMISSION MONITORS . DEVIATION METERS 

OSCILLOSCOPES, SPECTRUM & RESPONSE ANALYSERS 
Q METERS & BRIDGES 





Please address enquiries to MARCONI! INSTRUMENTS LTD. at your nearest office: 


London and the South : Midlands : North: 
Marconi House, Strand, London, W.C.2 Marconi House, 24 The Parade, Leamington Spa 23/25 Station Square, Harrogate 
Telephone : COVent Garden 1234 Telephone : 1408 Telephone : 67455 


Export Department: Marconi Instruments Ltd., St. Albans, Herts. Telephone: St. Albans 56161 114 
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6 
Ive seen 


the light’ 





SAID Mr. DAWE WITH A GRIN 


‘Sir?’ we said. 


‘Just a little joke about stroboscopes’, said Mr. Dawe. 


‘Oh’ we said. 


‘But seriously’ continued Mr. Dawe briskly, ‘since we are the biggest manufacturers of 
stroboscopes in Europe, why don’t we make a little modest capital out of the fact?’. 


“Why not?’ we said. 


‘And, at the same time, we ought to shout about the scope of our stroboscopes, if you follow me’. 


“We don’t’ we said. 
‘Well’ replied Mr. Dawe with justifiable pride. ‘Our equipment can measure rotational speeds 


as low as 120 r.p.m. and as high as 600,000 r.p.m. Why not write something pungent, witty 
and unforgettable about that?’. 


“We will’ we said. 


“But don’t let the fact that stroboscopes have a strong connection with seeing things in slow 
motion affect you personally’ said Mr. Dawe meaningly. 





DAWE INSTRUMENTS LTD. 
99-101 UXBRIDGE ROAD, EALING, LONDON, W.5 : EALING 6215 
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INSTRUMENT CENTRE 


20 QUEEN ANNE STREET, LONDON W.|! 
Telephone: IMPerial 6000 
(Press enquiries: LANgham 4251) 





Here the whole world can find the finest scientific 
instruments, key information and prompt advice. 
* Electronic and nuclear instruments 

* Navigational and survey equipment 

* Optical and ophthalmic instruments 

* Laboratory, medical and X-ray apparatus 

* Instruments for process control and automation 

* Kinematograph and allied instruments 
* All industrial instrumentation 


Space donated by: 


Advance COMPONENTS LIMITED - 


ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. 


THE SCIENTIFIC INSTRUMENT MANUFACTURERS ASSOCIATION OF GREAT BRITAIN 
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FERGUSON choose the 
mm 7 AvoMeteR 


for their Television & Electronic Laboratory 




















~os egg Mente ecomman paete 


A.C. VOLTAGE: 25 mV. to 2,500 volts. 
A.C. CURRENT: I mA. to 10 amps. 
D.C. VOLTAGE: 25 mV. to 2,500 volts. 
D.C. CURRENT: 0.5 microamps to 10 amps. 
SENSITIVITY: 
20,000 ohms per volt on all D.C. ranges. 
1,000 ohms per volt on A.C. ranges 

from 100 volts upwards. 
RESISTANCE: 
0 to 20 megohms (using internal batteries). 


0 to 200 megohms (using external D.C. supply). 


DECIBELS: —I5dB to + 15dB. 


Various accessories are available 
for extending the above ranges. 


44/0 trp 


AVOCET HOUSE * 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.I 


Photograph by courtesy of 
Thorn Electrical industries Ltd. 


as are typical of the many leading manufacturers of electronic, radio 
and television equipment who rely on AVO instruments. 

The Model 8 AvoMeter shown in use is a 30-range self-contained A.C./D.C. 
moving coil instrument, produced primarily for the electronic, radio and television 
engineer. The upper photograph shows a mounted pivot under examination. This 
is only one of many operations carried out in a special air-conditioned dust-free 
zone in the AVO factory to ensure the highest possible standards of accuracy 
and reliability. 


Size: 84 x 7} x 44 inches. 


my bsp POST THIS COUPON TODAY! 
including leads. 


Weight: 6} Ibs. (approx.) 
List Price: £23 : 10s. 


Cut out this coupon and attach to your 
Letter-heading or Trade Card. 


To Sales Department, 
AVO LTD., Avocet House, 
92-96 Vauxhall Bridge Road, 

London, S.W.1. 


Please send fully illustrated Brochure 
describing the Model 8 AvoMeter. 


Telephone: ViCtoria 3404 (12 lines) 





- 
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~ cradleclip 


POCO SHEESH SEESE SEO EEEEEEEE 


Twice as good ... twice as quick... 
when you wire with CRADLECLIP! 


Send for fully descriptive literature on the Insuloid Cradleclip Wiring 
System now and find out about these other Insuloid products for i sored 
cable fixing security and efficiency—SAS and AS Adjustable Saddles— 
NX, X and CY Cable Clips—Ring Lock Bushes—Busbar Insulation 
with P.V. C. Sleeving—Flexiguard Cubicle-to-Door Cable Trunking. 


INSULOID MANUFACTURING CO. 
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**More efficient’’—says the 

Managing Director. “‘No trash or waste” 

—says the Sweeper-up. “ Twice as quick” 

—says the Wireman. ‘‘50% saving”—says the Buyer. 
“No bottlenecks’”’—says the Production 

Manager. Yes the one... two... and it’s done 
slickness of Cradleclipping, its versatility and 

many other outstanding features gets the job done 52% 
quicker and brings greatly beneficial advantages at 
every stage of switchgear production and wiring contracts 
There’s no doubt about it—right through the business 
““Cradleclip’s the word for wiring today!” 


Photographs by kind permission 
of South Wales Switchgear Ltd., 
Blackwood, Monmouthshire. 


Section of Cubicle Control 
Board, showing CRADLECLIP. 


Close-up af CRADLECLIP 
installation. 





Look at these Benefits 


Cuts wiring time by 52% 

Combines high speed fixing with simplicity and com- 

plete security. 

Brings a new versatility, compactness and neatness to 

your wiring. 

Completely insulated and suitable for all climates. 

Electrical and mechanical security in all conditions. 

Proved in wiring installations throughout the world. 

Proof of facts about how you can save money on wiring with CRADLE- 


CLIP is contained in our Time and Motion Study Report which is 
le now at your request. 


Sharston Works * Leestone Road 
LTD. Wythenshawe - Manchester 
Telephone: WYTHENSHAWE 2842 & 3163 
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In quantity. 
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with quality 


Plessey excels in producing small mains transformers. For 
many years Plessey has been designing and making trans- 
formers for a cost (and quality) conscious market, with the 
result that immense capacity exists for the manufacture of 
commercial, industrial and electronic transformers. 


Plessey transformers, ranging from transistor types up to 
those rated at 2kVA, can be produced quickly, reliably and 
economically. 

Here is a transformer service that can solve at least one 
component problem for you—Plessey most probably can 
solve many more. Publication No. 998 tells you more 
about us—may we send you a copy ? 
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Plessey 





Components Group 
THE PLESSEY COMPANY LIMITED 
New Lane - Havant - Hants - Telephone: Havant 1701 


Overseas Sales Organisation 
PLESSEY INTERNATIONAL LIMITED 
Ilford - Essex - England - Telephone: Ilford 3040 


7) CP4 
MAY 1959 














wt = 


PFS 





CP4 
9 








EE 9097 for further details 


ae en Oe Oh. ae INCREASES PRODUCTION IN THE ELECTRICAL INDUSTRY 
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STR 12D 140 a. V.HLF. Airbo 
Communication ¢quipment made 
eeadard Telephone,and Cables Ltd. Ths 
equipment is now used by more than 
& international airlines, and is fitted in suc 
aircraft as the Vigiens Viscount and Bristol . 
Britanni The. . 
componé! 
and Tho} 
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‘Fluon’ p.t.f.e., originally developed for its immunity to 


e e 
Ai rbo rne eq Ul 4 men t chemical attack, is now finding its most important outlets 


in the electrical and electronics industries. It is the best of 

ma d e by Set an d ar d the solid dielectrics and is an excellent electrical insulator. 
It is being used in a wide variety of ways ranging from 

cable and wire insulation to TV antennae insulators; from 

Te | ep hone sa nd Ca ble Ss high temperature condenser dielectric to low friction bear- 
ings for variable resistors. It is, in fact, the insulating 


= . material to use wherever maximum efficiency and extreme 
Lim ited uses reliability are required over an indefinite period. 


‘Fluon’ is the registered 


Fluon’ components = eeseafincreesnee 


















& 
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SR, “Kiet 

com 1V.O.R. 

Airborne navigation equip- 

.. ment made by Standard 

Telephone and Cables Ltd. 

ow equipment is fitted as 
dard in’ the. Bristol” 

Bh tannia. It provides: the 

it with in 
igating ft il 

ta ag in béll? weathers aM 

The equipment incorpor- 

ates components made 

.. from ‘Fluon’ by Henry and 

ge The Ltd, London, E.3. 








ty 


ICI 


IMPERIAL CHEMICAL INDUSTRIES LIMITED . LONDON . s.W.1 


PF.S6 
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a firm on 


complex connection 


From their wide selection of plugs and 
sockets, MODAC offer a standard range 
of rectangular and circular miniature 
connectors, to which is soon to be added 
a sub-miniature range with combinations 
of 10, 16, 28 and 34 contacts. 











The main feature of this advanced design 
is the independently sprung, multi-point 
contact which provides self-cleaning, 

low contact resistance and is ideal 

under conditions of vibration. 










MODAC is equipped for the design 
of connectors to customers’ 
specifications and to supply any of 
their range as cable assemblies. 












They are more than willing— 
at any time—to come to grips with 
your general wiring problems. 






AY WevetsKemniniiceeln 


“Modac’ is a Registered Trade Mark 


for further information and a copy of the ‘Modac’ 
catalogue, please contact: 


Modern Acoustics Limited 
Contactionects lic — 


MANOR WAY - BOREHAM WOOD - HERTS - ELSTREE 3636 
Agents for British Commonwealth Countries: Plessey International Limited + Ilford + Essex + Ilford 3040 
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Metrovick 
Quality 
Speed 
Controls 





(Left ) Herbert 28A vertical milling machine with 
electronically controlled motor driving the feed. Speed 
range of 60/1200/3000 rpm. 


The reliability of Metrovick electronic motor speed 
controls has been proved by years of practical 
service in all branches of industry. The types of 
speed control available are :— 


SIMPLIFIED THYRATRON SPEED CONTROLS 
Using a magnetic amplifier and two thyratrons, 
these equipments offer fingertip stepless speed con- 
trol of a D.C. motor from zero to top speed. Speed 
holding accuracy of 2% despite load changes and 
automatic acceleration to any set speed. This con- 
trol has aconstant torque characteristic, but constant 
horsepower over a 3/1 range can be obtained. 
HIGH ACCURACY THYRATRON SPEED CONTROLS 
Using an amplifier with two thermionic valves, two 
thyratrons and a tachogenerator, these high accuracy 
’controls embody all the features of the simplified 
equipments with the additional advantage of hold- 
ing the speed to an accuracy of + }% of top speed 
despite load and supply variations. 

MAGNETIC AMPLIFIER CONTROLS 

Speed control of motors below | hp. Accuracy of 
speed holding to within 2% of top speed. 


For further details write for publications Nos. 98/1-1 7098/3. 1 hp. simplified speed control wall mounting. 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER 





An A.E.I. Company 
PRACTICAL ELECTRONIC MOTOR SPEED CONTROLS 


H/R6eo! 
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SERVO 











OUTPUT SIGNA 


PRECISION POTENTIOMETER 


(MAY BE LINEAR, 
TRIGONOMETRICAL, 
OR SPECIAL FUNCTION) 


FEED BACK 
SIGNAL 


PRECISION er a 
GEARS i. Ss 





AND ; " AC RATE NETWORK 
GEAR TRAIN *,. 


TYPE ISB 
-| SERVO MOTOR 
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AC TRANSISTORISED 
SERVO AMPLIFIER 





The range of servo components manufactured 
by S. G. Brown Ltd. include the following :— 


l. Precision Potentiometers of 0.1°% linearity. 


i) 


AC Rate Networks (for stabilisation) size 2” x 14” x 1”. 
3 Transistor Supply Units. Size 44” x 14” x 2”. 


4. AC Transistorised Servo Amplifiers. Gain 72 db. Power 
output 6.5 watts. Size 3}” x 1}” x 2”. 


a Type 15A and 15B Servo Motors. 
6. Precision Gears and Gear Trains (cut to order). 


Note: Operating temperature range for items 2, 3 and 4: —55° C to + 90° C. 


























For further details please communicate with: — 


S. G. BROWN LTD. 


SHAKESPEARE STREET, WATFORD, HERTFORDSHIRE, ENGLAND 








Telephone: Watford 27241 Telegraphic Address: Sidbrownix, Watford M 
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Surface finish 


Impact strength and 


dimensional stability 






First class insulation 






moulding powder was chosen as the ideal material for 
this neat little RGD portable radio, now receiving a 
big welcome from retailers and public alike. 





ST for its appearance — the high surface finish is just 
right for a set that has to hold its own in a com- 
petitive market. 


Portable radio 

moulded by Halex 
for RGD (Radio 
Gramophone 
Developments 
Ltd.) Romford, 
Essex 


QND for its impact strength and dimensional] stability 
—this portable can take its share of hard usage. 


RD for its insulation properties essential in any set, 
but especially in this one, with its ‘wrap-around’ 
aerial doubling as a trim. 


Bextrene BC 15 is available in a wide range of attractive 
colours. 


Write for Publication No. 582 
BX PLASTICS LTD Higham Station Avenue, London E.4 Telephone: LARkswood 5511 


A subsidiary of The British Xylonite Co Ltd 
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Thyratrons 


for... 





Relay operation 
Electronic switching 
Servo systems 


Regulated A.C. or D.C. power supplies 





Computers 


Motor control 
















These thyratrons are designed for the continuous control of currents up to 
1.6 amperes. 

They are being used to actuate solenoids and electromechanical devices of 
all kinds as well as for direct electronic switching. 

Characteristic advantages of thyratron control are smooth and continuous 
control of current, negligible control power and high power efficiency. 

The four valves listed have a rare gas filling which makes for operation over 
a wide temperature range, a quick heating-up time and free mounting position, 
Many tens of thousands of small thyratrons are made every year by 
Mullard and there is a fund of experience available for your assistance in 
selecting and operating individual types. 





Write for free leaflet “‘ Thyratrons for the control of small currents”. 


PREFERRED RANGE OF SMALL THYRATRONS 








Max. Av. 
Mullard American Services Cathode P.LV. 
Type No. Type No. Type No. Current Max. (Volts) 
(Amps) 
EN92 5696 CV3512 0.025 500 
*EN91 2D21 CVv797 0.1 1300 
EN32 6574 CV2253 0.3 1300 
XR1-1600 5796 CV3706 1.6 1500 























*Special quality version available. 





GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 





MULLARD LWAITED . MULLARD HOUSE - TORRINGTON PLACE . LONDON WC! - Telephone: LANgham 6633 Gia 


@ MVT348 


ELECTRONIC ENGINEERING 104 MAY 1959 








up to 
ces of 
nuous 
1 Over 
sition, 


ar by 


ice in 


olts) 





VT348 


159 





ELECTRONIC ENGINEERING 


VOL. 31 


MAY 


No. 375 


1959 


Commentary 


N_ International Convention on Transistors and 

Associated Semiconductor Devices has been arranged 
by the Institution of Electrical Engineers and wil] be held 
at Earls Court from 21 to 27 May. The Convention will be 
backed-up by. an International Scientific Exhibition where 
the leading laboratories and manufacturers of the world 
will be displaying their latest developments in the transistor 
field, and which will be open during the period of the 
Convention. The Convention will be opened by Viscount 
Hailsham, the Lord President of the Council, who is the 
Minister responsible for scientific research and the intro- 
ductory lectures will be given by Professor J. Bardeen, 
Dr. W. M. Brattain and Dr. W. B. Shockley who, only a 
little over ten years ago, in August 1948, jointly announced 
the invention of the transistor; the scientific importance 
of which was recognized by the award of the 1956 Nobel 
Prize for Physics. 

In the comparatively short time since its invention the 
progress in the technology of the transistor and its applica- 
tion and, indeed, in the whole field of semiconductor 
physics has been enormous. Indeed, before the second 
World War few people had even seen a piece of germanium 
and it received its first real attention in the wartime 
scramble to develop better materials for microwave diodes. 
By the end of the war polycrystalline germanium, of what 
was then considered to be high purity, was available and 
it was during a basic research study of its surface properties, 
at the Bell Telephone Laboratories, that the transistor 
action was discovered. 

In the intervening years semiconductor research has 


- greatly increased and it is now a major scientific activity 


throughout the world. So far, almost all of this effort has 
been concentrated on germanium and silicon which, in 
some respects, is a little surprising since, by a conservative 
estimate, there are at least a thousand semiconductive sub- 
stances. It is, however, fortunate that transistor action was 
first observed on germanium as it is one of the simplest of 
all solids, a factor which has contributed to the fact that it 
is, today, one of the most completely understood of all solid 
materials. Both germanium and silicon are now available 
as the purest and most perfectly formed crystals which 
scientists have had for their study and, even more impor- 
tant, this purity and structural perfection can be altered in 
a controlled manner by a number of techniques. It is the 
electrical effects of these alterations that are the distin- 
guishing features of semiconductors. 

Research into the basic properties of semiconductors has 
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been backed up by sound progress in the manufacturing 
techniques necessary to make reliable transistors. To the 
production engineer the original point-contact transistor 
appeared as a product simple in structure, rugged and 
enclosed in plastic that would lend itself easily to mass 
production. Unfortunately, it did not turn out quite like 
that, for problems were soon encountered in terms of reli- 
ability, reproducibility and range of performance. The 
advent of the grown junction and alloying and diffusion 
techniques have all posed their considerable problems to 
the production engineer who has had to strike a balance 
between the present—to provide adequate facilities for 
existing techniques—and the future to be prepared for the 
new and better way in this rapidly evolving field. Indeed, 
so rapid has been its progress that it is estimated that in 
the last ten years or so some 800 different types of transistor 
have been developed while in Britain alone about twelve 
firms are engaged or about to engage in transistor 
manufacture. 

With regard to the application of the transistor, while 
some of the early forecasts that it would almost entirely 
replace the thermionic valve have proved to be rather 
wildly optimistic, its impact has been significant and there 
is now a very large number of transistors in satisfactory use 
in a very diverse range of electronic equipment. The initial 
phase where a designer, or manufacturer, used transistors 
merely to be fashionable has, fortunately, largely passed 
and the transistor is now being used in applications. where 
its virtues of reliability, small size, lower consumption and 
low operating voltages make it a more suitable circuit 
element than the corresponding thermionic valve. 

The future of the transistor is difficult to forecast. It 
seems probable that for many applications germanium will 
be superseded by, perhaps, silicon which has an operating 
temperature range up to about 159°C as against some 50°C 
for germanium; or it may well be that both substances 
will be outmoded by another of the semiconductor 
materials, the properties of which have not yet been 
explored. It is, however, safe to say that as the basic know- 
ledge of semiconductors expands and new and improved 
manufacturing techniques become available the operating 
range of both temperature and frequency and, consequently, 
the field application will increase in step. 

It is on all counts an appropriate time to hold a Conven- 
tion and Exhibition of the type planned and it should play 
a most useful part in consolidating the knowledge that has 
already been gained and in pointing the way ahead for 
future developments. 
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Printed Circuits : 
Applied to Broad-Band Microwave Links 


By R. Rowland* 


This article describes how printed circuit techniques may be applied to the design of base-band 
and i.f. equipment for broad-band microwave links and discusses the advantages to be gained 
thereby. It is shown that, not only are the units cheaper to produce, but enhanced performance, 
stability and uniformity is obtained. Further, maintenance procedure is simplified and test equipment 
requirements are greatly reduced. Some typical printed circuit units are described. 


(Voir page 312 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 317) 


HE use of printed wiring or printed circuits in electronic 

equipment is often considered to be a method of 
reducing manufacturing cost or reducing space, and to 
those not familiar with the better examples of this technique 
it might be thought that these advantages were gained at 
the expense of quality in the resultant product. It is the 
purpose of this article to show that, far from this being 
the case, printing of wiring or circuits can result in consider- 
able improvements in the quality of the product and better 
performance throughout its life, in a field in which the 
highest quality is considered essential. In the applications 
with which this article deals the technique was applie«| 
primarily to improve reliability and performance, and had 
it resulted in increased manufacturing cost it would still 
have justified its adoption. The fact that it has resulted in 
reduced manufacturing cost must be considered as a 
secondary though desirable advantage. 

The term ‘ printed circuit’ is herein used to describe an 
assembly in which some of the circuit elements, in addition 
to interconnecting leads, are formed by. the conducting 
pattern of the printed board. Where the conducting pattern 
is used simply to interconnect conventional components the 
term ‘ printed wiring’ is preferred. The equipment described 
comes into the first category. 

Printed circuit boards may take several forms, the con- 
ducting pattern, formed by one of the many available pro- 
cesses, being on one or both sides of a board of insulating 
material. The type selected as being most suitable for the 
applications here described has a copper conductor pattern 
on one side of the board, formed from one-side copper clad 
stock board by a photographically controlled etching pro- 
cess. The reverse side of the board, on which associated 
components are mounted, has a legend printed on it 
indicating positions and identity of these components. 


Application 

Present-day broad-band microwave link systems designed 
for long distance transmission of multi-channel telephony 
and for television signals depend for their successful opera- 
tion on the establishment and maintenance of critical circuit 
conditions at many of the stages in the transmission system. 
Notable among these stages are broad-band modulators, 
demodulators and intermediate frequency amplifiers, 
together with their associated base-band amplifiers, and it 
is with these units that this article primarily deals. The 
principles discussed are, however, applicable to other parts 
of the system, such as control and supervisory equipment, 
etc. 

The standard of performance required from this equip- 
ment is shown in the following brief details of i.f. and base- 





* Marconi’s Wireless Telegraph Co. Ltd. 
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band units which may form part of a 600-channel or 
television link. 


Intermediate-Frequenc y Amplifiers 


(1) Mid-band frequency 70Mc/s 
(2) ‘ Flat’ bandwidth 20Mc/s 
(3) Uniformity of amplitude— 

frequency response: 

60Mc/s to 80Mc/s +0-1dB 
(4) Permissible slope of 

Amplitude characteristic 

60Mc/s to 80Mc/s 0-25dB 
(5) Group-delay variation 

64Mc/s to 76Mc/s 1-Omysec 
(6) Input and output impedance 750, 


Modulus of reflection coefficient 
not worse than 2 per cent at 70Mc/s, 
not worse than 10 per cent at 60Mc/s and 80Mc/s. 
Modulator plus Demodulator 
(1) Intermediate frequency 
(2) I.F. bandwidth to —0-25dB points 
(3) Base-band 
(4) Base-band response 


70Mc/s + 50kc/s 
20Mc/s 

25c/s to 7Mc/s 
25c/s to 7Mc/s 
within 0-2dB 

L.F. response not greater than 1 per cent 

tilt on 50c/s square wave. 
(5) Overall intermodulation distortion not 

worse than —70dB. 


Base-band Amplifiers (telephony) 
(1) Bandwidth 60kc/s to 3:2Mc/s 
(2) Uniformity of amplitude/ frequency 
characteristic within 0°1dB. 
(3) Intermodulation distortion better than — 80dB. 


The design and construction of units fulfilling the above 
requirements does not present undue difficulty in the labora- 
tory. Given time and the necessary test equipment the 
designer can produce critically-aligned complex circuit con- 
figurations which meet the requirements with ease. It is in 
the quantity production and maintenance in the field of 
such units that difficulties arise. Some of the difficulties are 
outlined in the following section. 


Production and Maintenance Difficulties with Conventional 
Circuits 

Taking an if. amplifier as a typical example, this may 

contain six or seven stages of amplification requiring the 
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adjustment of twenty or more inductors in the interstage 
coupling networks. In order to achieve the required overall 
characteristics each stage has to be aligned with great 
precision. In quantity production such adjustments are 
carried out by a test department, and require the use of 
expensive equipment for the display and measurement of 
frequency response, group-delay variations, etc. In addition 
these operations call for a high degree of skill and tech- 
nical ability on the part of test personnel and require 
extremely. detailed instructions to be originated by the 
designer. Facilities must also be built into the equipment to 
enable the required measurements to be made. There is 
a limit to the complexity of alignment procedure which can 
reasonably be dealt with in this manner and the designer is 
sometimes forced to adopt less efficient circuit alternatives 
which lend themselves more readily to simple alignment. 
Similar considerations apply in the case of maintenance 
in the field. In order to keep equipment operating at peak 
efficiency and to enable re-alignment to be carried out in 








Fig. 1. Front view of the i.f. amplifier showing, on the bottom, a 
conventionally wired amplifier,and on the top,one employing printed circuits 


the event of component replacement, test equipment similar 
to that described above must be available to the system 
operator. The cost of such equipment can represent a con- 
siderable portion of the total cost of a system. 

It follows that any technique of equipment design and 
manufacture which results in a reduction of test equip- 
ment and testing time in manufacture and maintenance is 
worthy of serious consideration. If, in addition, the result- 
ing equipment shows an improved performance at no extra 
cost, there occurs a combination of circumstances which 
represents a significant advance over conventional tech- 
niques such as those previously described. The technique 
of circuit printing offers such advantages. 


Characteristics of Etched-Foil Printed Circuits 


Early experimental work with etched-foil printed circuits 
revealed certain definite characteristics, among the most 
important of which are the following: 


(a) Repeatability 


Using a photographically controlled resist pattern, all 
etched boards produced from one particular master have 
such a high degree of similarity as to be virtually identical. 


(b) Ease of Manufacture : 
The printed circuit process used in these applications has 
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the essence of simplicity which makes it eminently suitable 
for quantity production of the type of equipment envisaged. 


(c) Reliability 

Assembly of components, soldering, etc., is made so 
simple that faults are virtually eliminated and wiring errors 
are virtually impossible. 


(d) Low cost 

The process is one which is economical for large or small 
quantities of similar units, and shows reduction in manu- 
facturing costs compared with conventional wiring systems. 


(e) Testing 
By taking advantage of the repeatability characteristic, 
simplified test procedures are possible. 


(f) Replacement 


Printed circuits lend themselves to easy breakdown into 
sub-units suitable for complete replacement in the event 
of fault occurrence. 


Experimental Investigation 

In order to determine with what degree of accuracy 
printed circuits of this class could be produced, certain 
basic circuit units were dealt with. These included broad- 
band i.f. interstage coupling networks, i.f. output matching 
networks and i.f. input matching networks. It was found 
possible to reproduce inductors having values in the range 
0-1uH to 3-0uH with a high degree of accuracy. These 
were printed in the form of a flat spiral. 

Measurements made on tapped coils showed that it is 
difficult to achieve tight coupling between the sections of 
such coils, and it was therefore felt that circuits using 
separate untapped inductors with no mutual inductive coup- 
ling between them would be the most satisfactory. The 
type of interstage coupling network found most useful for 
broad-band if. amplifiers was the double-tuned trans- 
former. This circuit may readily be converted to its equiv- 
alent T or z configuration which contains three separate 
inductors having no mutual inductive coupling. There are 
certain regions of primary to secondary impedance ratio 
where the T or z equivalent is not physically realizable for 
a given bandwidth. In such cases it is possible either to 
alter the impedance ratio by adding capacitance to primary 
or secondary, which reduces the gain x bandwidth pro- 
duct, or to use two circuits in cascade, each having an im- 
pedance ratio for which the elements are real. In the case 
investigated, however, the straightforward equivalent 
circuit was possible. The T configuration was chosen as 
this results in smaller values of inductance than are re- 
quired for the z case. 

Experimental printed boards were designed having: two 
stages of amplification, an input matching circuit, one inter- 
stage network and an output matching network. Normal 
design methods were applied, with the alterations in con- 
figuration previously referred to. Certain of the required 
lumped capacitors were also printed initially in a single- 
sided interleaved form, but were inconvenient from the 
point of view of space requirements and were found to 
have appreciable positive temperature coefficients. As 
suitable conventional capacitors were available in small 
physical size these were used where additional tuning capa- 
citance was required, and conventional capacitors were 
used for coupling and decoupling purposes. 

A satisfactery method of alignment was evolved, which 
is described in a later section dealing with design procedure. 

Having produced an experimental board with the re- 
quired frequency response, matching, etc., copies were made 
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under conditions simulating normal production with com- 
ponents subjected to the specified tolerances, etc. The 
resulting models were tested and their characteristics com- 
pared with those of the original. These comparisons 
showed that boards having identical characteristics could 
be produced without undue difficulty. It was necessary, 
in order to ensure good repeatability, to use components 
having close tolerances in certain cases such as for circuit 
damping, tuning, etc. High stability resistors with a toler- 
ance of resistance value of + 1 per cent were used for 
damping purposes and capacitors of similar tolerance were 
used where required for tuning purposes. Decoupling 
components were to normal tolerances of + 10 per cent to 
+ 20 per cent. 





Fig. 2. Rear view of the i.f. amplifier 


More complex boards having larger numbers of stages 
were then produced, eventually resulting in a six-stage 
amplifier. An important aspect which was examined at this 
stage was the effect on performance of valve changes. It 
was realized that for production purposes it would be 
impossible to select valves having very tight limits on 
interelectrode capacitance, mutual conductance, etc., and 
the etfect of changing valves was carefully examined, using 
sets of valves selected to be just within upper or lower 
limits. The result of this examination showed that con- 
siderable changes can occur with straightforward circuits, 
resulting in the performance of the unit becoming unaccept- 
able. Various methods were tried to reduce this effect and 
finally a satisfactory solution was found. It is not possible 
at the present time to publish details of the procedure 
adopted, but it is sufficient to add that it is possible to 
replace valves without selection and to maintain optimum 
performance. 

A further important consideration was the effect of 
adverse climatic conditions on the operation of equipment 
containing printed circuits. Various base materials are avail- 
able for the printed boards, including resin-bonded paper, 
resin-bonded glass fibre and silicone-bonded glass fibre. 
Tests under extended tropical conditions showed that all 
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currently available materials which could be considered 
suffered in some degree from moisture penetration. Various 
types of coating were therefore tested. Eventually a 
suitable coating resin was found which gave a high degree 
of protection when applied in the form of a thin film to 
the assembled printed circuit boards. The resistance to 
environmental conditions of a paper-based board so treated 
is several orders better than an untreated board of the best 
available materials. For the type of equipment herein 
described high grade paper-based laminates have been 
found very satisfactory. 

As a result of the above investigations it was felt that 
units such as those specified earlier could be designed with 
printed circuits, having considerable advantages over con- 
ventional units. The following section describes a typical 
printed circuit i.f. amplifier which was designed to replace 
a conventional-wiring amplifier. 


Printed Circuit Intermediate Frequency Amplifier 


This amplifier forms part of a broad-band microwave 
link system and is used in conjunction with a low-noise pre- 
amplifier. The performance specification is as follows: 


Mid-band frequency 70Mc/s 
Amplitude /frequency +0-1dB 
characteristics 60Mc/s to 80Mc/s 
—3dB 50Mc/s and 
90Mc/s 
Group-delay variation w.r.t. 4Smpsec at 60Mc/s and 
70Mc/s 80Mc/s 
2‘Omusec at 64Mc/s and 
76Mc/s 
Maximum gain, nominal 42dB 
Input signal levei, nominal 200mV r.m.s. 
Input signal range —30dB to +10dB 
Output signal level, nominal 700mV r.m.s. 
Output signal variation over 
input signal range —1-0dB to +0-:5dB 
Input impedance 75Q 
Modulus of input reflection 
coefficient 
Not worse than 5 per cent at 70Mc/s 
Not worse than 10 per cent at 60Mc/s and 
80Mc/s 
Output impedance 75 


Modulus of output reflection 
coefficient 
Not worse than 10 per cent, 60Mc/s to 


80Mc/s 


The amplifier contains six stages of signal amplification, 
an additional buffer stage providing a separate output for 
branching or monitoring purposes, and an automatic gain 
control circuit. Three printed circuit boards are used, the 
first containing the amplifier proper, the second containing 
the buffer and a.g.c. circuits and the third the associated 
components, interconnecting wiring, and valve monitoring 
facilities. The boards are mounted in a 7in wide dished 
panel designed for mounting in a standard 19in rack. Valve 
screening cans are mounted on the front panel to provide 
good heat dissipation and certain components such as 
switches and potentiometers are mounted in such a way 
that they can be replaced without disturbing the printed 
circuit boards. 

Photographs of the amplifier are reproduced in Figs. 1 
and 2 which show the conventionally wired equivalent panel 
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for comparison. Fig. 3 is a photograph of a typical circuit 
board and Figs. 4 and 5 show characteristics of the 
amplifier. 


Outline of Typical Design Procedure 
The design of such a unit would be undertaken in the 
following manner. 


THEORETICAL DESIGN 


This stage of the design follows normal methods except 
that circuit configurations suited to printing are used. In 





Fig. 3. Front and rear views of a typical circuit board 


many cases circuit units previously developed in printed 
form can be utilized, with minor modifications where 
necessary. Previous experience gained from similar appli- 
cations facilitates accurate estimation of stray capacitance, 
etc., enabling the designer to make a more accurate pre- 
diction of the final performance than is usually the case 
with conventionally wired circuits. 


LAYOUT 


At this stage ‘know-how’ acquired from previous 
experience is particularly valuable, eliminating much trial 
and error in arriving at satisfactory layouts, using suitable 
methods of mounting, avoiding undesirable coupling 
effects, etc. However, a clear idea of what is required 
from each circuit element and a liberal application of 
common sense will go a long way towards achieving neat 
designs meeting the required performance. 


Layouts are made first in a rough stage, freehand, on 
squared paper at twice final size. Considerable advantages 
from a production point of view are gained by basing all 
connecting points on a grid or matrix. This enables 
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manufacturing processes to be handled by automatic 
machinery, resulting in better repeatability and reliability, 
in addition to lowering costs. The preferred grid has a 
spacing of O-lin in horizontal and vertical directions, all 
connecting points being made at grid intersections, The 
squared paper used for layout is therefore in units of 0-2in. 
Both pattern and components are indicated on the rough 
layout, suitable ‘shorthand’ symbols often being used to 
save time. 


PREPARATION OF WIRING MASTER DRAWING 

Master drawings are made at twice final size on a 
special dimensionally stable transparent plastic material. 
The material is fastened over a master grid sheet of high 
accuracy which determines the positions of all connecting 
points. Using the rough layout as a guide, all connecting 
points are drawn in as circular ‘ pads’ using a specially 
prepared dense matt ink. Wiring patterns are then drawn 
where required, the width and spacing of these being 
determined by electrical requirements. As a general guide 
a minimum spacing and width of 0-0Sin is preferred, 
although in certain circumstances, such as for inductors, 
these dimensions may be reduced to 0-025in. These dimen- 
sions are final size, and are, of course, doubled on the 
master drawing. Outlines of earthed areas are next drawn 
and filled in. Inductor spirals, cut from standard black 
and white prints, are then fastened into position with 
adhesive; the number of turns required on each spiral is 
determined from curves relating number of turns to 
inductance for the particular spiral used. Finally the serial 
number and various production control markings are 
added. 

An alternative method of constructing master drawings 
with adhesive tapes is used for some printed wiring work 
but is not suitable for the preparation of the more complex 
patterns of printed circuits. 


PREPARATION OF LEGEND MASTER DRAWING 


The function of the legend, which is printed on the 
component side of the board, is to indicate the positions 
and identity of all components. 

The wiring master drawing is laid face downwards on 
the grid sheet and the sheet on which the legend is to 
be drawn is placed over this. Positions of all connecting 
points are then traced on the sheet from the wiring draw- 
ing. Outlines of components are then drawn in using the 
rough layout again as a guide. Component designations 
are then added, followed by the board reference number 
and alignment markings. 


PREPARATION OF MASTER NEGATIVES AND COPIES 

Master negatives of wiring and legend are made by 
normal photographic methods, with a plate camera set 
to give a two to one reduction from the master drawings. 
The master plates are thus at final size. Accuracy in set- 
ting up the camera is, of course, essential, both as regards 
dimensions and focus. The resultant negatives are checked 
carefully for correct dimensions and focus, the latter check 
being facilitated by a control pattern which is included 
in the drawing. 

Copies of the master negatives are made by contac: 
printing methods. This involves the intermediate prepara- 
tion of contact film positives which are used later in the 
preparation of production drawings. High stability film is 
normally used for production negatives, although glass is 
used in some cases. 


PREPARATION OF CIRCUIT BOARDS 
This stage is essentially a copy of one of the production 
processes, and is carried out at a central plant set up 
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for the purpose. Space does not permit a description of 
the process here. 


TESTING AND ADJUSTMENT 


The assembled board is now fitted to the appropriate 
chassis to undergo testing and adjustment. During the 
development stages it is often necessary to make adjust- 
ments to inductors, etc., and the usual sweep methods are 
used to indicate amplitude/frequency characteristics, etc. 
By the use of dust-iron and copper disk probes it is 
possible to make temporary alterations to inductors to 
determine the effect on characteristics, and when per- 
manent alterations are required coils are pruned by peeling 
away turns from their centres. As it is obviously only 
possible to make permanent reductions in inductance it 
is arranged in the initial design to print all inductors 
somewhat larger than required, to permit precise adjust- 
ment. When a satisfactory performance has been achieved 
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the master drawing is altered as required, and new prints 
made. Where alterations are of a minor nature the glass 
negatives are altered, to avoid re-photographing. 
Eventually the desired performance is achieved from 
a circuit without any alterations, and the negative from 
which this is produced is used as the master for production 
purposes. Protective finishes are applied to the satisfactory 
boards and final tests on valve replacement, component 
tolerance, etc., are made with the print in its final form. 


PRODUCTION DRAWINGS 


The number of drawings required for a printed circuit 
unit is considerably smaller than the number required for 
a conventionally wired unit. Complete manufacturing 
details of the circuit board assembly are contained on one 
drawing and a component schedule, together with the 
appropriate master negatives. Part of the circuit board 
drawing is made photographically by means of the film 
positives produced in the photographic process. Test 
specifications are compiled, and these, again, are sim- 
plified, as no circuit alignment is involved and a limited 
number of tests will suffice to indicate a _ correctly 
functioning assembly. 


Brief Details of Some Other Units Successfully Printed 


Besides the i.f. amplifier described above, several other 
units have been successfully designed with printed circuits. 
Among these are the following: 
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DEMODULATOR FOR MULTI-CHANNNEL TELEPHONY OR TELE- 
VISION SIGNALS 


This panel includes limiters, discriminator, phase 
equalizer and base-band amplifier. Some details of its 
performance may be of interest and are given below. 


Mid-band frequency 70Mc/s 
‘Flat’ bandwidth 18Mc/s 

Input signal level 350mV, r.m.s. 
Input impedance 750, 


Equalized group-delay variation 2musec, 64Mc/s to 
76Mc/s 
Deviation of input carrier 880kc/s r.m.s. 
Base-band response within 0-1dB 25c/s to 
7Mc/s 
Base-band output signal level —13dBm (—26dBm per 
channel) 
Noise power ratio (intermodula- 
tion + basic noise) with 
random selection of valves 
having average 2n. = 16-5mA/V 
Frequency Ratio Equivalent Distortion Level 
(ke/s) (dB) (dB) 
62 58 —72 
1022 58 —72 
2540 58 —72 


Effect of valve changes on noise power ratio.—Limiter 
and amplifier valves replaced with valves having average 
2m = 19:0mA/V (col. 2) and 14-0mA/V (col. 3), no adjust- 
ment. 


Frequency 19-OmA/V 14:°0mA/V 
(kc/s) (dB) (dB) 
62 57 55 
1022 58 57 
2540 58 57 


Effect of replacement of discriminator drive valve with 
valves having gm = 19-0mA/V and 14:0mA/V. Without 
adjustment of discriminator linearity control (cols. 2 and 3) 
and with readjustment (cols. 4 and 5). 


Frequency No adjustment Readjusted 
(ke/s 
&m=19°0 2n= 14-0 &m= 19-0 &m=— 14-0 
(dB) (dB) (dB) (dB) 
62 S7 §2 57 58 
1022 58 53 58 57 
2540 58 53 58 58 
Effect of Temperature on Noise Power Ratio 
Frequency 20°C 50°C 
(kc/s) (dB) (dB) 
62 58 55 
1022 58 55 
2540 58 3S 


These changes are due to change in characteristics of the 
germanium diodes used in the limiter circuits. 

The only adjustment provided in this unit is the linearity. 
control which may be adjusted for maximum flatness of 
discriminator derivative using display methods, or alter- 
natively for minimum intermodulation noise in a reference 
channel. Readjustment on changing valves is only required 
when the lowest possible intermodulation distortion is 
required. 
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A Low NOISE PRE-AMPLIFIER FOR USE IN SYSTEMS USING 
TRAVELLING WAVE TUBES 


Brief details are as follows: 


Midband frequency 70Mc/s 

‘Flat’ bandwidth (within +0-1dB) 20Mc/s 

Gain 20dB 

Group delay variation Imysec 
64Mc/'s to 76Mc/s 

Noise figure 9:0dB 


Valves may be changed without adverse effect on 
performance. 


BASE-BAND AMPLIFIER FOR TELEPHONY OR TELEVISION 
This is a three-stage feedback amplifier having charac- 
teristics as follows: 


Frequency response within 0°1dB 25c/s to 7Mc/s 
Intermodulation distortion not worse than —80dB 


PHASE EQUALIZERS 

A series of fixed equalizers covering a range of values 
and suitable for equalization of group-delay/frequency 
variation in i.f. equipment has been made. These are avail- 
able as plug-in units. 


SUPERVISORY EQUIPMENT 


Various units of supervisory equipment such as pilot 
monitors and oscillators have been produced. 


Proposed Maintenance Procedures 


As a result of the initial requirement that no selection 
of valves shall be necessary in production, circuits which 
permit the changing of valves have been developed. In 
consequence of this valves can be changed in the field with- 
out affecting the performance of the equipment. The same 
considerations ensure satisfactory operation with valve 
ageing. Periodical testing can be applied to reveal valves 
which are reaching the end of useful life. This requires 
little in the way of test equipment, facilities for monitor- 
ing anode currents being built into the equipment. Apart 
from valve failures the only other faults which can affect 
performance are component or board failures. Such faults 
are readily revealed by abnormal valve currents or levels 
of signal at appropriate test points. Location of a board 
so affected does not, therefore, involve expensive test 
equipment. The recommended procedure to deal with a 
faulty board is replacement by a new board. Replacement 
is a simple matter and does not require a high degree 
of skill. Wherever possible the cost of a board is kept low 
by suitable unit breakdown, and it is normally economical 
to discard a faulty board. In this way test equipment 
requirements are kept to a minimum while equipment 
performance remains equal to new equipment. It would 
be possible, however, to repair faulty boards. This would 
involve location of the faulty component, replacement of 
the component with an exact equivalent, repair of the 
protective film on the board, refitting of the board and 
performance testing. To enable this to be done a skilled 
technician would be required, equipped with test apparatus 
suitable for overall performance testing. A repair kit 
would be required for the resin coating, with suitable 
curing facilities. Such arrangements could no doubt be 
provided by a large system operator at a central main- 
tenance depot, but it is doubtful if the cost of such a 
scheme would compare favourably with the replacement 
scheme suggested. In the equipment at present in use, 
board replacement costs have been kept to a level of 
£10 or below and failures of boards in working equip- 
ment have been virtually nil to date. It is suggested that 
a system operator should be provided with spares of each 
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board used. In a normal system each spare board would 
cover several units and the cost would be small. It is 
envisaged that a maintenance engineer would be able to 
visit an outlying station with virtually a replacement 
‘station’ in a suitcase. With such a scheme a small system 
operator can enjoy the same standard of performance as 
a large operator at an economical cost. 


Summary of Advantages of Printed Circuits 


The advantages of the technique are conveniently dealt 
with in the following sections. 


IMPROVEMENT IN DESIGN 


Improvements in design result from the fact that the 
designer is no longer restricted to circuits which are simple 
to align and test. Providing the circuits are suitable for 
printing it is no more difficult to print a highly complex 
circuit configuration than to print a simple one. Due to 
the particular physical form of the circuit improved 
stability, screening, etc., are achieved, the circuits tending 


‘towards two dimensional layout rather than three dimen- 


sional, with consequent reduction of unwanted coupling 
fields. Elimination of variations in wiring and component 
lead lengths results in better reproduction of the initial 
design, less allowance being required for production 
variations. 

The final performance depends, as it should, upon the 
designer, and not upon the skill of test department per- 
sonnel, circuit alignment after assembly being eliminated. 


SIMPLIFICATION OF MANUFACTURE 


The production of the printed boards is a straight- 
forward procedure, ideally suited to large or small scale 
production. The facilities required are not extensive. 
Assembly of boards is a simple operation and can be 
assisted by semi-automatic machinery. As can be seen 
from the photographs, unit assembly and wiring is very 
much simplified. 


REDUCTION OF MANUFACTURING COST 


Reductions in cost result from the simplifications out- 
lined above which reduce assembly time. In addition there 
is a great reduction in testing time. In the case of the 
amplifier described a testing time of about five minutes 
for the printed circuit version replaces a period of hours 
for alignment and testing of the conventional wiring 
version. 


REDUCTION OF SPACE AND WEIGHT 


Printed circuit panels are ideally suited to compact 
module-type assemblies, giving reductions in space and 
weight. Even in the example dealt with, where the printed 
amplifier was designed as a unit replacement, a noticeable 
reduction in weight is achieved due to elimination of con- 
ventional coils, cableforms, etc. 


EASE OF MAINTENANCE AND REDUCTION OF MAINTENANCE 
Costs 

As described previously, maintenance procedure is very 
much simplified and test equipment requirements are 
greatly reduced. This results in savings from the reduction 
in test equipment outlay and enables the necessary main- 
tenance work to be carried out by a less skilled class of 
technician. The resultant economies in salaries and train- 
ing costs can be considerable. 
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- Avalanche 





Transistors 


An Appraisal of Their Properties and Uses 


By R. C. V. Macario*, B.Sc., Ph.D. 


The results from an investigation of the properties of some experimental alloyed junction avalanche 


transistors enables a review of their characteristics to be made 


The characteristics are clearly 


related to the properties of the semiconductor junctions and this is advantageous when designing 
a device to a given specification. Design data are given and applications summarized. 


(Voir page 312 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 317) 


NUMBER of papers have recently appeared describing 
j rn aspects of the properties and applications of 
alloyed junction avalanche transistors'**°, The device has 
many interesting characteristics and demonstrates in a 
novel way many of the properties of semiconductor pn 
junctions. The results of an experimental investigation of a 
number of samples show that the characteristics of the 
device are closely related to the properties of the junction 
suggesting that it should be possible to specify the charac- 
teristics in manufacture. 

The most important of these characteristics are the volt- 
age range and the speed of response. The maximum voltage 
excursions are somewhat limited, but an appraisal of their 
structural design suggests that extremely fast waveforms 
may be generated, and examples of this have already been 
described®. 








Ze io Te 
Emitter Collector f 
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Fig. 1. Avalanche transistor and tati 





Naturally, knowledge of the terminal and response 
characteristics of the device under transient signal condi- 
tions define the various circuit applications and examples 
of circuits which illustrate these conditions are given. The 
data given refer to room temperature, but the effect of 
temperature on the operation of the device is also described. 

Attention is confined to germanium pnp structures, 
although in general the same considerations apply to the 
complementary structure and silicon devices, but the more 
important differences are pointed out. 


Distinguishing Properties 

The avalanche transistor? is a two-junction device which 
utilizes the avalanche multiplication mechanism of carriers 
crossing a reverse biased pn junction, with an emitting 
junction controlling the carriers being multiplied. The struc- 
ture usually takes the same form as the r.f. alloy transistor 
as illustrated in Fig. 1 where a possible circuit symbol and 
associated notation is also shown. The emitter junction is 
usually made smaller than the (multiplying) collector junc- 
tion in order to obtain a reasonable current transfer ratio. 

At low voltages many of the characteristics are indis- 
tinguishable from those of a normal transistor, but as the 
collector voltage, and hence the multiplication factor M 
(= number of additional carriers of the same type generated 








* Plessey Company Ltd., formerly A.E.I. Research Laboratories. 
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for each carrier entering the depletion layer) is raised, they 
deviate markedly. The avalanche mechanism ultimately 
leads to junction breakdown, when M = ov, and to use the 
device most effectively, the voltage characteristic must be 
limited by this breakdown voltage Vs rather than a Zener 
or punch-through breakdown. Limitation by the punch- 
through voltage Vp is possible”’, but only devices limited 
by body breakdown are considered. 
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Fig. 2. Variation of junction breakdown voltage with base resistivity 


The breakdown voltage of a reverse biased alloyed junc- 
tion is mainly controlled by the resistivity p. of the base 
material, and Fig. 2 cellects together the available data’-*’ 
relating Vg to px (N-type base material). Thus avalanche 
multiplication, rather than a field effect which would obey. 
a Vs pa law, accounts for the breakdown voltage Vx, 
from approximately 10V to 50V where surface effects 
become important. A design equation is: 

ae (1) 
Avalanche transistors therefcre have base resistivities which 
are rather lower than usual, p, usually being in the range 
from 0-05 to 0°30Qcm. 

Between 0 and V3, the multiplication factor M increases 
uniformly from 1 to oo with increasing collector voltage V. 
according to the well-known relation’ 

M = [1 — (V./Vs)"}" ............ (2) 
n is a parameter which varies with resistivity and type of 
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base material*; for germanium pnp transistors n = 3. For 
germanium npn transistors n ranges from 4 to 6, while for 
silicon devices n is about 2. 

With no emitter current, only the junction leakage current 
Ico is enhanced, becoming very large on approaching break- 
down. 

With an emitter current /,, the collector current becomes 
I-=a).I,e.M, and so alpha is a function of Ve, i.e. 


Similarly 
ach = Mao/(1 -_ M2) 

where ao is the low voltage or normal alpha when M = 1. 
Thus the emitter-to-collector current gain ace may take all 
values from ace << 1 tO ae > 1 being equal to unity when 
M = 1/0, according to the value of the collector voltage 
V.. The base-to-collector current gain ap will increase 
rapidly, pass through infinity, and decrease to unity as 
V.—> Vx. There are thus two important collector voltages, 
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Fig. 3. Variation of current gain with collector voltage 


(1) The collector-to-base breakdown, Vz, at which ace 
tends to co and ag = 1, i.e. collector current flows 
with no emitter current. 

(2) The collector-to-emitter breakdown voltage, Vs, com- 
monly called the sustain voltage’, at which a.» tends 
to infinity and ace = 1, i.e. collector current flows with 
no base current. 


V, depends on Vz and the low voltage a. according to the 
relation?: 

Vs Aa — Me ode cow enacees (4) 
V, is therefore smaller, for a given Vz, the smaller the value 
of n and the larger the value of ao. Fig. 3 shows that these 
equations in a practical transistor are obeyed quite closely. 

V, is a very significant voltage of the avalanche transistor. 
The base current changes sign at this voltage, and it defines 
the lower working voltage of the transistor as a bistable 
element. Fig. 4 illustrates the common emitter characteristics 
and the significance of Vs. 

The distinctive property of the device is that in the region 
of collector voltage between Vs and V, the transistor 
possesses a current gain greater than unity, and therefore is 
able to switch regeneratively between these two voltages. 

For instance, any circuit which enables Vz to be 
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approached before emitter current flows will switch to the 
lower voltage V, should any emitter current begin to flow. 
One such circuit is the two terminal switch arrangement, 
Fig. 5, described by Miller and Ebers*. The voltage drop in 
Rp» due to the eventual collector-to-base breakdown current 
causes emitter current to flow and the transistor relaxes to 
the lower voltage Vs. Very stable characteristics are 
observed, the precise negative resistance slope being deter- 
mined by the value of Rp. By extending the discussion of 
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Miller and Ebers the characteristics can be calculated for 
different values of Rv when Vz, J.’ and a(/.) of the transistor 
are known. The comparison with the measured charac- 
teristics is shown in Fig. 5. 

The characteristics of this circuit are a good guide to the 
properties of the device, and can be very easily displayed 
on a cathode-ray oscilloscope. The voltage ratio, Vz to Vs, 
is usually between 2 and 3 (depending on a.) and this low 
ratio may have disadvantages, but the negative resistance 
characteristic is well defined and the ‘ off’ impedance high. 

Fig. 5 essentially represents the input characteristic, 
measured at the two terminals of the circuit shown. Other 
characteristics can be observed at other terminals or by 
changing the impedance within the circuit. For instance, 
adding an emitter resistance R, to Fig. 5 will cause the 
characteristic to revert to a positive slope (=R.) as V; 
reaches V;. Probably a better known characteristic is that of 
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Fig. 6 referring to the emitter; it is very similar to that of 
a point contact transistor. Similar considerations apply. to 
the base input characteristics, but in this case the charac- 
teristic is short-circuit stable. The curves can be estimated 
and applied to switching circuits similar to those described 
by Logue”. 

Probably the best-known extension of the basic circuit of 
Fig. 5, is the relaxation oscillator configuration®® of Fig. 7, 
where the collector current is supplied periodically by a 
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Fig. 7. Avalanche transistor relaxation oscillator circuit and waveforms 


capacitance Co. The transistor switches ‘on’ when V, 
reaches Vy as R, charges Co. Two versions of the circuit are 
possible according to whether an external emitter resistance 
is added or not. Distinct waveforms are generated in the two 
cases, and this introduces a very interesting aspect of the 
avalanche transistor, namely, a carrier storage phenomena 
in the base of the transistor which enhances the switching 
action. 

With an emitter resistance R, the circuit operates as would 
be expected by superimposing the load line R. on the d.c. 
input characteristic as illustrated in the diagram. The initial 
current which charges C, as the transistor turns ‘on’ is in 
this case limited by R., but when R, = 0, there is nothing 
to prevent a very large current charging C.. The collector 
waveform therefore rises very sharply and moreover, though 
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V. should limit at Vs, it is found in fact that sufficient charge 
flows into C, to take the collector voltage to zero. This has 
been shown to be due to the presence of carriers which 
are stored in the base as the very large initial current flows 


across the transistor®®. The actual collector waveform 
edge, however, can be extremely fast. Rise-time between 
1 and 100musec are typical. 

Attention has been drawn to the two distinct modes of 
operation of the avalanche transistor as the applications 
fall into two such classes: 


(1) Low-speed mode—as a bistable element. 


(2) High-speed mode—as a pulse regenerative amplifier. 
Equivalent circuits for both modes can be constructed. 


Other Effects of the Low-Resistivity Base Material 

The lower than usual base material resistivity quite 
naturally affects other parameters of the transistor. Some 
of the changes are interesting and so are briefly noted, 
although, in the main, they are of little importance as far 
as applications are concerned. 


Low VOLTAGE CURRENT GAIN a 

In general 2 is somewhat lower than usual because of 
the reduced emitter efficiency. This could be a disadvantage 
in bistable circuits, but if the design of the transistor is 
optimized" quite high alphas result even for avalanche 
transistors with very low base resistivities. 


COLLECTOR CAPACITANCE C, 

As the depletion layer in the more heavily doped material 
is more restricted a larger capacitance results for a given 
junction voltage. The usual relation 

C= 1-4 x 10°(p.. V.)-*pF/cm? ........ (5) 
is found to be obeyed for practical transistors. The capa- 
citance is therefore quite large and tends to deteriorate the 
trailing edge of waveforms generated by avalanche tran- 
sistors. 


LEAKAGE CURRENT [¢o 

I-o proves to be of the order of 0-1uA at room tempera- 
ture. Because J.. is so low, the true breakdown voltage is in 
general attainable in the transistors as expected from 
theory, and the full range of the characteristics utilized. A 
very low leakage current also suggests the transistor may 
have a very low noise figure of merit when used in a linear 
low voltage mode. 


BASE SPREADING RESISTANCE Prov 
Measurements suggested that rp’ for the transistors 
examined could be conveniently represented by the relation 
te’ ot 75 . po OMS ............ (6) 


Thus, for avalanche transistors, this impedance is usually 
negligible compared to the external circuit resistances. 


SMALL SIGNAL PARAMETERS 
A comparison of the small signal hybrid h-parameters 
indicate the main changes. 














Transistor | pxQ/em) hu) hz fin __hx(mhos) 
Avalanche 0-1 27 0:0002 0-965 4 
rf. ; 10° 28 00006 0-98 06 





The voltage feedback factor hy» is expected to be about 
one-third smaller due to its direct dependence on the deple- 
tion layer. On the other hand the collector conductance 
he, is worse due to the marked dependence of ace on V >. 

An approximate expression for hx is 


he = 3.M? .00.1e.Ve/Va* .......26. (7) 
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which indicates a rather poor collector impedance. How- 
ever, in switching applications J, is very small in the * off 
condition. 


Equivalent Circuit Representation 


Low-SPEEDS 

A simplified equivalent circuit” can be used as suggested 
in Fig. 8. The current which flows with the transistor ‘ off’ 
is almost negligible; in the ‘on’ condition the current is 
limited externally, though a voltage V, must be maintained 
across the transistor. 
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HIGH-SPEEDS 

In general the output waveform will be taken from the 
collector and the factors limiting the speed of the wave- 
form are represented diagrammatically. in Fig. 9. 

In the case of low speed circuits, the time-constant ReCy 
dominates, although the effect of carrier storage (Cs) in the 
base of the transistor may tend to give a spike on the leading 
edge of some waveforms. However, in high-speed circuits 
this distortion is a very useful attribute as it extends the 
voltage range, cf. Fig. 7. 

As the required speed of the waveform is raised, the 
internal delay and resistance of the transistor finally limit 
the leading edge of the waveform. The trailing edge is in 
general controlled by the external circuit. Thus Fig. 10(c) 
shows the effect of the emitter resistance Re on the 
collector waveform of the circuit of Fig. 7 or Fig. 10(a). 
The emitter waveform is also shown and gives information 
about the current flow. 

When V. reaches Vz, in effect the emitter is short- 


circuited to the collector and C, + C. would charge to zero 


volts via R., but for the presence of the transistor delay and 
internal impedance. The transistor is therefore conveniently 
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represented as shown in Fig. 10(b), by rs, L» and C.. As the 
transistor switches ‘ on ,’ the emitter voltage waveform rises 
at an initial rate R, . Vs/Ly towards the value Vg.Re/ 
(Re + rs). The collector waveform rises at almost the same 
rate. If Re + rs is very small the forward current is very 
large, of the order of one ampere, due to the enhancement 
by the avalanche mechanism and many. carriers are stored 
in the base of the transistor®*; it is this charge which is 
sufficient to charge C, + C, to zero volts as indicated. The 
collector remains at zero volts until emitter current ceases 
to flow; this period depends on the initial current defined 
by (Ro + rs) (Co + C.), but can quite easily last a micro- 
second or so. 
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Fig. 10. Avalanche transistor switching action 


If Re is not small the initial current is limited and insuffi- 
cient charge is accumulated in the transistor, consequently 
inhibiting the collector waveform. Eventually Re may 
prevent the carrier storage effect altogether and V.. does not 
rise past Vs. The emitter waveform retains the initial sharp 
edge, but decays at a correspondingly decreasing rate. The 
effect of C. on the operation is not so marked. A minimum 
value exists’, however, partly. determined by its ratio to C, 
because sufficient charge has to be accumulated in the tran- 
sistor prior to V, reaching V; for the collector to bottom. 
On the other hand, if C, is made too large, the rsC,. product 
may deteriorate the waveform. Practical values of C. range 
from a few tens of picofarads to tenths of microfarads. 
Recently a detailed theory of the transients build-up in 
avalanche transistors has been published. 

The rise-time of the collector waveform when only 
limited by the transistor delay is denoted by 7.°—this is 
related to the transistor base width, and is represented in 
the equivalent circuit by Ly. 

The peak current as the tranSistor turns ‘on’ is limited 
by rs and for some alloyed junction avalanche transistors 
this was observed to be about 2 to 322. 


ULTIMATE DESIGN CONSIDERATIONS 
The speed at which an avalanche transistor will switch 
‘on’ is related to the dispersion time taken by the carriers 
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leaving the emitter to reach the edge of the collector deple- 
tion layer, but since the depletion layer retracts as the 
collector waveform rises, the total rise-time depends more 
on the actual transistor base width W. Actual observations 
of 7.° plotted against W calculated from observations of f, 
suggest that 7." is proportional to W? and this leads to an 
interesting design feature. 


The optimum choice of base width is such that the tran- 
sistor is just about to punch-through as the collector 
breaks down’, or Vg = Vp; this gives an expression for the 
optimum choice of W versus base resistivity pn. Expres- 
sions for the maximum alpha cut-off frequency f,(max) and 
the minimum response time 7.°(min) can then be calculated™ 
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Fig. 11. Design data for avalanche transistor switch 


as functions of the maximum collector voltage, now equal 
to Vg assuming that 7.° = W*/Dp where Dp is the diffusion 
constant for holes in the base. These data are given in Fig. 
11 and it seems possible that devices can be made with con- 
siderably higher speed of operation. It should be pointed 
out, however, that the rate of rise of the collector waveform 
will initially be faster than as suggested in Fig. 11 because 
the base width is effectively less. 


Circuit Applications 
LOW-SPEEDS 

Fig. 12 shows a bistable citcuit configuration and the 
waveforms generated. The amplitudes can be calculated 
using the equivalent circuit of Fig. 8. It should be noted 
that the amplitudes obtained are the same whether the 
circuit is bistable, monostable or astable. The design of the 
circuits is similar to those with point contact transistors!%, 
All the circuits have the disadvantage of small voltage out- 
puts, combined with large “ on’ power dissipations. (Silicon 
devices would be better in this respect). Also, there is a 
spike on the leading edge of the collector waveform (due 
to carrier storage), while the trailing edge is rather sluggish. 

These factors make it difficult to design avalanche tran- 
sistor circuits which drive corresponding circuits, for 
instance, a single transistor binary stage. 
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On the other hand a twin avalanche transistor binary can 
be designed to operate satisfactorily, and to accommodate 
spreads in Vg and a or Vs. Fig. 13 shows such a circuit 
together with a section of a ring counter arrangement that 
will operate in conjunction with the binary unit. A scale-of- 
ten can therefore be constructed using seven transistors. The 
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Fig. 14. Avalanche transistor blocking oscillator 


tolerance on the transistors or the voltage supplies is not 
critical and the units operate up to a rate approaching 
100kc/s. 


HIGH-SPEEDS 

Here the application is to pulse regenerative amplifiers 
since very little power is required to trigger the transistor 
‘on’ while the avalanche transistor will generate a very large 
current pulse very rapidly. The orders of voltage swing and 
rise-times involved are summarized in Fig. 11. The design 
of practical circuits, based on Fig. 7, have been described 
by Beale et al’, and Chaplin and Owens® describe a method 
of generating extremely short waveforms. 
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The very fast collector waveform edge can also be utilized 
in a blocking oscillator arrangement as shown in Fig. 14. 
The waveform is determined by the inductance and so 
makes the waveform substantially independent of the tran- 
sistor. The amplitude is Vz volts. The waveform repetition 
rate is mainly limited by transistor dissipation, which can 
be reduced to some extent by making C, smaller since this 
capacitance effectively supplies the charge generating the 
collector waveform. 


EFFECTS OF TEMPERATURE 


Observations of Vg over a wide range of temperatures 
for a range of samples indicates that Vg obeys the law 


Vet = Vee [1 + y.T] .......000- (8) 


over the range — 200°C to +75°C, where Vx° is the break- 
down voltage at 0°C, T is the temperature in °C, and the 
temperature coefficient y obeys the relation 


y = 012. (ps*™/Ve9V/°C .......0. (9) 


This last relation is particularly interesting as it suggests 
that y is almost independent of pn, because of equation 
(1), which is not an unexpected result since the breakdown 
phenomena is an effect which takes place almost exclusively 
within the depletion layer. Vz therefore increases with tem- 
perature; however, the effect is partially offset by the 
increase of leakage current J.. with temperature which 
increases at the expected rate. 

The other significant parameter is a, which tends to 
increase with temperature. Thus V; decreases, and so the 
net effect is for the bistable properties of the transistor to 
improve as the temperature is raised. 


Conclusion 


A review of the factors which are most likely to enter 
into the design and application of avalanche transistors has 


been attempted. In the main, the device is capable of 
generating extremely fast waveforms over a large voltage 
range, but there is a carrier storage effect. It appears 
possible, moreover, that the device can be designed to meet 
specific applications. 
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Radar for Small Craft 


A new low-power radar equipment—the ‘Consort’—has 
been designed by the Marconi International Marine Com- 
munication Co. Ltd. for use in small vessels where space and 
electrical power are limited. The new equipment is suitable 
for tugs and harbour craft of all types, fishing and pilot 
vessels, lifeboats and yachts; and its introduction opens up 
a new field of application for marine radar equipment. 

The complete equipment comprises a display unit, 
transceiver unit and aerial unit; the use of transistors, 
printed circuits and new manufacturing techniques having 
resulted in an extremely compact installation. The 
‘Consort’ operates from a 24V battery or by conversion 
from other voltages, and has a maximum range of 14 miles 
—sufficient to be of real value under fog conditions, and 
to provide navigational assistance ample for the needs of 
small craft. 

The display unit is designed for mounting on a deckhead. 
bulkhead or table. A Sin cathode- -ray tube is employed, 
and a magnifying lens incorporated in the detachable visor 
increases the effective diameter of the display to 8in. 

Two minutes after switching on, the ‘Consort’ reaches 
a ‘ stand- ‘by * condition, and it is then ready for immediate 
use. A ‘press-to-view’ switch is provided on the display 
unit, and when this is depressed the scanner starts and 
the equipment becomes fully operational for two minutes. 
It will then revert to the ‘standby’ condition until the ‘press- 
to-view’ switch is again depressed; but this switch can be 
Overridden to provide continuous viewing if conditions 
require it. This arrangement ensures instant readiness 
without waste, battery consumption being reduced from 
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10A when the equipment is operating to 4A in the ‘ stand- 
by’ condition. 

The tubular case of the display unit is sealed with rubber 
gaskets to give a strong and watertight assembly, and hand 
grips are fitted on the mounting bracket to enable the 
observer to steady himself when using the equipment in 
bad weather. The whole assembly measures 14in x 1lin 
x 25in long including the detachable visor, and weighs 
only 14lb. Bearings are shown at 5° intervals on a graticule 
engraved on the Perspex screen; and range is measured by 
range rings equally spaced on the face of the display. 

The transceiver is housed in a steel cabinet measuring 
26in x 16in x 10in and weighing 62lb. It can be fitted in 
the smallest wheelhouse, and installation costs have been 
kept to a minimum by the use of a made-up cableform 
10ft long, which is attached to the transceiver and plugs 
into the display unit. A panel on the front of the trans- 
ceiver carries the range selector switch, a brilliance control 
for the range rings, and gain, sea clutter and rain clutter 
controls. The power supply is controlled by a mains 
switch; and focus, brilliance and fine tuning controls— 
which are seldom used—are mounted on the rear of the 
display unit. Five ranges are provided, covering 0-6, 1°5, 
4-0. 8-0 and 14:0 miles. 

The normal supply voltage is 24V d.c. provided by 
batteries with or without float charge. A stabilized power 
unit in the transceiver makes fluctuations in supply voltage 
from 20°5 to 32V permissible. 

The scanner assembly incorporates a 3ft slotted wave- 
guide aerial in a waterproof fibreglass radome. It is 
designed for mounting directly on the roof of a small 
wheelhouse; but if extra height is needed to clear obstruc- 
tions, a light alloy tripod mast can be supplied. 
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A Rapid 
Response Recording Cardiotachometer 


By A. W. Melville*, A.M.I.E.E., and J. B. Cornwall*, Grad. LE.E. 


The instrument described has been designed for use under theatre conditions. 


It incorporates 


excellent discrimination against interference, an effective pulse amplitude control circuit and a rate 
recorder with alternative time-constants, one of which provides a rapid response suitable for the 
evaluation of fast acting stimuli. 


(Voir page 313 pour le résumé en frangais; Zusammenfassung in deutscher Sprache Seite 318) 


NUMBER of instruments for recording the human 

pulse rate have been described in the literature. The 
one to be described is the outcome of several years’ experi- 
ence with an earlier model and incorporates several impor- 
tant improvements. Our particular requirement has been 
for an instrument that will produce a satisfactory con- 
tinuous record of pulse rate under normal theatre condi- 
tions, on a patient who may be conscious or anaesthetized 
and who, in the latter case, may be undergoing major 
thoracic or abdominal surgery. This calls for the maxi- 
mum possible freedom from artifacts produced by 
voluntary and involuntary movements of the subject, or by 
electrical equipment in the theatre. There should also be 
rapid response to rate changes, so that the short-term effect 
of fast-acting drugs may be observed accurately and the 
onset of a crisis be apparent immediately. 

The recorder should operate with a reasonable variation 
of input pulse amplitude without readjustment. Several 
methods of pulse detection are available: 

(a) Heart or arterial pulse sounds may be used, but the 
difficulty in eliminating interference and airborne 
noise and various friction noises makes this method 
unattractive. 

(b) The blood pressure pulse may be utilized in two 

ways. If a vessel is already cannulated for record- 
ing blood pressure with an electromanometer, elec- 
trical impulses from the apparatus may be used 
directly for counting. This method restricts the 
general use of the instrument but has been used 
by. Wyatt!. 
In an alternative method the pressure pulse may be 
detected as an opacity pulse in accessible tissue, the 
most suitable being the pinna of the ear. This 
method has been used by Bekkering and Van Dal? 
and is advantageous when the subject is required to 
carry out controlled exercise during the recording 
period. 

(c) The heari action potentials may be amplified 
directly. In spite of the apparent difficulty in dis- 
criminating between several phases of the complex 
electrocardiac cycle and against other muscle poten- 
tials, this method has been retained because of the 
simplicity of connexion to the subject. 


Description of Equipment 
The complete instrument can be considered in two main 
sections : 

(a) An amplifier with negligible response at the mains 
frequency and the maximum possible differentia- 
tion between the R wave of the electrocardiac com- 
plex and all other electrical signals present and 





* Dept. Scientific and Industrial Research, New Zealand. 
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providing a constant amplitude pulse to the counter. 
(b) A stable, fast response rate recording circuit. 


THE AMPLIFIER (Fig. 1) 

The authors’ experience has shown that even when an 
efficient mains frequency rejection filter is used, the dis- 
crimination obtained from a differential input amplifier 
justifies the additional complication. In the present equip- 
ment a two stage differential pre-amplifier employing 6SL7 
twin triodes, provides a rejection ratio of 10000 to 1. The 
first stage is preceded by a three section low-pass filter 
which eliminates interference arising from r.f. diathermy in 
adjacent rooms. Interference from diathermy in use on 
the patient is not entirely eliminated, but amplifier blocking 
is prevented. 

The second differential stage is followed by a twin-T 
rejection filter, which terminates in the gain control. The 
filter is tuned to the mains frequency. Stage three is a 
straight high-gain amplifier and stage four is tuned to 8°5c/s 
by a twin-7 network in the negative feedback loop. The 
effective QO of this stage is controlled by a resistor in series 
with the twin-7' to prevent excessive ‘ringing’. Boyd and 
Edie* have shown that while the spectrum of the e.c.g. rises 
steeply in amplitude down to below Sc/s that of muscle 
potentials falls at an increasing rate below 20c/s. The 
choice of pass-band is necessarily a compromise and for 
some years a median frequency of 8:5c/s has been used 
successfully. The overall frequency response is shown in 
Fig. 2. A diode clipper at the grid of stage four removes 
unwanted negative going signals and resuits in a significant 
reduction of interference. Stage four is followed by a 
pulse amplitude control circuit. The output of V; is fed 
to an attenuator consisting of a Philips thermistor type 
B832015P/330K with a nominal resistance of 330kQ at 
65°F, and a 10kQ resistor. The output of Vz, is rectified 
by V; and the smoothed d.c. control signal is fed to the 
control valve Vz. The insulated heater of the thermistor 
Th, carries the cathode current of Vz». An increase in 
signal amplitude at Vza anode reduces the current through 
the thermistor control heater with a consequent increase in 
thermistor resistance. A second similar control circuit is 
used at the input to the gating stage V;, and the cathode 
circuit of Vz also includes a Philips thermistor type 
B832003P/2K2 as a further control element. This control 
circuit will maintain the output pulse amplitude with 
+5 per cent even when the input increases or decreases by 
a factor of 3. 

The gating stage V; has two available recovery periods. 
These periods correspond to maximum pulse rates of 110 
and 240 per minute which ensures that no signal is ad- 
mitted to the relay circuit, Vs, for a period of 1/110 or 
1/240min after the reception of a pulse. 

The period corresponding to the lower rate limit will be 
used whenever possible so that the maximum protection 
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Fig. 1. Amplifier and gating circuits 
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against interference signals is obtained from the gate since 
its effectiveness approaches 100 per cent as the pulse period 
approaches the gate recovery time. . The possibility of 
developing a circuit in which the gating period is controlled 
by the pulse rate is most attractive, but has not yet been 
found feasible. The square wave output from the gating 
circuit is differentiated to provide a constant-amplitude 
short duration pulse. 


THE RATE RECORDER 

This is an adaptation of a circuit developed by the authors 
for use in a drip rate recorder for intravenous solutions‘. 
If a capacitor is allowed to charge through a resistor from 
a constant voltage source for the period between consecu- 
tive pulses and the final charge reached during each period 
recorded, the record can be calibrated in pulse rate. 
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In such a charging circuit the instantaneous voltage e 
across the capacitor C, when expressed as a fraction of 
the applied voltage E, is given by: 

e/E= 1 — eno 
and Fig. 3 illustrates the plot of e/E for t=2sec, R=1MQ 
and C = IyF. The projection on to the voltage co-ordinate 
of points on this curve corresponding to the periods of 
pulse rates from 40 to 200 per minute illustrates the rela- 
tionship between e/E and pulse rate when this system 1s 
used. This calibration is seen to be the superimposition of 
a reciprocal and an exponential curve, resulting in a scale 
which, while not linear, is quite satisfactory for the purpose. 

The basic switching circuit is shown in Fig. 4. 

The reception of a pulse operates the relay contacts 
shown as Sj, S2, and S; in the following sequence. 

S; opens, S: closes, S2 opens, S; closes, S3 opens, S; closes. 

Thus the charge received by C; during the period between 
pulses is distributed between C; and C2 by S: when the next 
pulse is received, the source of voltage being removed at 
S;. The parallel connexion is then broken at S$: so that 
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Fig. 5. Response time 


Ci may be discharged at S, and then reconnected to the 
voltage source at $:. Cz retains its charge between pulses, 
and the voltage on C2 is recorded by a simple valve-volt- 
meter. 


If the initial charge on C: is zero, and the relay operation 
is at a constant rate the conditions are: 


Charge given to C: between pulses = Ciki. 

When this charge is distributed C:E: = (Ci+C:) Es 
CiE: 

Ci + CG 

where E; is the voltage on C; initially 


or E: = 


and E; is the voltage on C; and C; in parallel and is 
the voltage retained by C>. 


Similarly when the second pulse is received the total 
charge = CiE; + C2E, and when this is distributed 


CiEi + CrE, = Es (Ci + C2) 
as is CiEi + Crs 
: Ci + C2 


where E; is the voltage retained by C, after the 
reception of the second pulse. 


it C, 1uF and C: = O'SuF and E:, Es, & .... are 
plotted against constant rate pulses with the initial voltage 
on C2 zero, the curve shown in Fig. 5 is produced. 

From this it is seen that the voltage on C2 will have 
reached 0°96 of its final value when three pulses have been 
received, and this is true regardless of the actual pulse 
rate, the magnitude of the change and whether it is an 
increase or decrease. 


In the complete circuit, Fig. 6, the switching cycle is 
performed by a pair of relays in series with second anode 
of a triggered relay valve Vs. As previously mentioned. 
the trigger voltage is the differentiated output of the gating 
circuit. The electrolytic capacitors shunting the relay coils 
increase the energizing times, reduce audible noise and also 
modify the de-energizing time to provide the correct switch- 
ing sequence. 

A simple valve-voltmeter V» will drive a 0 to IimA 
recording milliameter, the one used in this case being an 
Esterline-Angus with a coil resistance of 1°2kQ. A zero 
set control is provided and a change of the valve V» does 
not effect the calibration providing the zero is set accu- 
rately. The scale is calibrated from the curve shown in 
Fig. 3. A calibration checking pulse is provided by a syn- 
chronous clock motor with a final shaft speed of 24rev/ 
min and fitted with a four lift cam operating a pair of con- 
tacts, which provide pulses at a repetition rate of 96 per 
minute. 


The rapid response time indicated by Fig. 5 is particularly 
useful when effects of fast acting stimuli are to be recorded. 


— 


Fig. 6. Oscilloscope and counter circuit 
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Setting up Adjustments 





To facilitate the setting up, a 
c.r.t. type DG7/3 is included. A 
linear time-base with a sweep time 








of 4sec may be switched in so that 
the polarity and waveform of the 
pulse may be examined. In most 
cases the  electrocardiographic 
lead 2, connected between right 
arm and left leg will provide an 














adequate pulse. In difficult cases, 
the three conventional leads may 
be connected and the best com- 





bination chosen by observation 
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on the c.r.t. 

In cases of thoracic and 
abdominal surgery, artifacts are 
usually. considerably reduced if an 
earthed electrode plate is located 
beneath the operating region, and 
this may also act as the indeter- 
minate electrode for the diathermy 
equipment. Fig. 8 shows a simul- 
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taneous record of the unfiltered 





-85V electrocardiograph on the top 
channel and the waveform at the 
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Fig. 7. Power supplies 











Fig. 8. Illustration of muscle po‘ential elimination 


There are circumstances when a longer time-constant is an 
advantage. Switch 4 provides for the addition of a time- 
constant of 20sec to the counting circuit and this arrange- 
ment is used when recording long-term variations and 
particularly when there are occasional unavoidable arti- 
facts. 

To ensure that the record is not distorted by transients 
from a diathermy machine which may be connected directly 
to the subject, a relay is installed in the diathermy machine 
itself. A normally open contact is connected to the terminals 
marked ‘diathermy’ so that when the machine is used, 
these terminals are closed. This circuit is extended to the 
cardiotachometer where simultaneously it earths the signal 
line between V: and Vs and operates a relay which dis- 
connects the rate-counting circuit, and leaves the recorder 
indicating the rate at the instant of interruption. The de- 
energizing of this relay is delayed for approximately 3:ec 
so that the rate counting circuit is once more operating 
normally before the recorder is switched back into circuit. 

The circuit of the power supplies is given in Fig. 7. 


— anode of V, on the bottom channel, 
during a period of “full knee 
bend’ exercises. One error has 
occurred at the point indicated by 
the arrow, when the gating circuit 
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Fig. 9. Illustration of 50c/s interference elimination 


has been returned to its initial state prematurely by an 
intensive muscle artifact. Fig. 9 illustrates on channel 2 
the waveform at the anode of Vz, when the e.c.g. as 
recorded on channel 1 had a superimposed line frequency 
interference signal. 
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Transistors and Cores in Counting Circuits 
By F. Rozner*, B.Sc.(Eng.), and P. Pengellyt 


The square loop magnetic core and the transistor are now well accepted circuit elements in digital 

computers. In this article it is shown how the two elements can be combined to form non-critical 

reliable counting circuits capable of handling input frequencies up to 750kc/s. A modification to 
allow the circuit to be used as a shift register is also described. 


(Voir page 313 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 318) 


HE square loop magnetic core is now a well established 

memory element in digital computers. As it possesses 
many advantages over other switching elements, efforts 
have been made to extend its applications to other kinds of 
circuits, e.g., gates, counters and shift registers. Several 
different types of shift registers have been described and 
one such circuit, using one core per bit, is shown in Fig. 
1(a). 

The operation of the circuit can be briefly explained as 
follows. Assume that the polarity of the shift pulse is such 
that it changes the state of ‘1’ cores to ‘0’. Its effect upon 
‘0’ cores is negligible. If a core contains ‘1’ then, during 
switching ‘1’—>‘0’, it acts as a transformer. The voltage 
appearing across the winding W2 charges the capacitor and 
drives a current i, through R and W3. Now i, acts in oppo- 
sition to the shift pulse current i, and since the latter is 
dominant it cancels out the effect of i. The windings are 
here assumed to have equal number of turns. When the 
shift pulse terminates, i, (now supplied from C) switches 
the following core ‘0’—>‘ 1’. The overall effect of one shift 
pulse is to shift the pattern of digits one place to the right. 

Three points can be made in connexion with this circuit: 
(a) all losses are supplied by the shift pulse, (b) the current 
charging the capacitor flows effectively in parallel with the 
core magnetizing current, and (c) power is lost in R. The 
power carried by the shift pulses is considerable and it may 
become an embarrassment if a transistorized source of shift 
pulses is used. To reduce the demand upon such a source 
the circuit in Fig. 1(a) is modified as shown in Fig. 1(b). 
Here, R is replaced by a diode which is non-conducting 
during the shift pulse. When the latter terminates, the full 
voltage from C is available to switch the following core 
“oe > q". 

It is a simple matter to arrange a shift register to act as a 
counter*. Both circuits in Fig. 1 can be converted by con- 
necting the last stage to the first and then arranging that all 
but one core are in the ‘0’ state. Each shift pulse will then 
shift the ‘1’ around the ring. 


Core-Transistor Circuits 

As already mentioned all the losses in the circuits in 
Fig. 1 are supplied by the shift pulses. Apart from the 
strenuous requirements upon the driving source there is the 
difficulty of supplying many stages whose power demand 
varies. It is desirable, therefore, to limit the function of the 
shift pulses to triggering and to supply the energy. losses 
from elsewhere. These considerations have prompted the 
search for ways to incorporate a power amplifier in the 
basic circuit, transistors being particularly suitable for this 
purpose. 

Since the shift pulses no longer supply the circuit losses, 
counting by means of shift registers connected in a ring 





* Computer Developments Ltd.. formerly Ferguson Radio Corporation Ltd. 
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ceases to be economical. Great saving in components and 
power consumption is achieved if the counter consists of a 
number of cascaded bistable circuits. It is to fill the need 
for a reliable core-transistor binary that the circuit described 
below was developed. 

Fig. 2(a) illustrates the use of a capacitor in series with the 
winding instead of in parallel as in Fig. 1. Assume that the 
core is in state ‘0’ and C is discharged. A positive rect- 
angular pulse applied as shown will switch the core 
‘0’ ‘1’. If the width of the pulse is sufficient C will 
charge up to the peak voltage. When the pulse terminates 
C discharges via the winding and R, switching the core back 
‘1’>‘0’. 





Shift 
(a) pulse 
SL 














Fig. 1. Shift registers using one core per bit 
(a) Delayed transfer 
(6) Gated transfer 


The core passes, therefore, through the complete 
hysteresis cycle every time a pulse is applied. Two strokes 
can be distinguished, viz. ‘0’ ‘1’ and ‘1’— ‘0’. In order 
to make it a scale-or-two circuit it is necessary to limit the 
switching to one stroke per pulse. The circuit in Fig. 2(b) 
shows the way it is achieved. It represents a three-stage 
counter, with one core and one transistor per stage. There 
is, in addition, one transistor, X., driving the chain. 

Let core | be in state ‘0’. A positive pulse applied to 
winding W,, switches the core ‘0’—> ‘1’ and fully charges 
Cu. The voltage across Wy» brings X1 into conduction. Due 
to regeneration the collector current i, builds up very. 
quickly and a positive pulse is applied to Wa charging C2. 
When the collector voltages of X, and X; begin to fall, 
Cu and Cx discharge via Wi, and W;; respectively. The 
directions of the discharge currents are such that the mag- 
netic fields in core 1 cancel each other out and the core 
remains in state ‘1°. Consequently, the next pulse applied 
to Wu, while charging Cu, does not switch the core. Xi 
remains non-conductive, and on termination of the input 
pulse the discharge current of Cn switches the core 
*1’— ‘0’ without the presence of any inhibiting action. 
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Thus the necessary condition for bistability, viz, one switch- 
ing stroke per input pulse, is satisfied. 

When core | switches ‘0’—> ‘1’ the applied field is quite 
large resulting in a switching time which is short compared 
with the duration of the input pulse. The voltage pulse 
appearing across W.: is correspondingly narrow and it must 
be broadened to ensure that the output pulse of X; is suffi- 
ciently broad to charge C2 fully. It is desirable in fact, to 
maintain similar driving conditions all down the counting 
chain. The combination RwCy acts as a simple pulse 
stretcher. The presence of these components obviously slows 
down the rise and fall of the pulse. This effect is negligible 
on the front edge when the presence of regeneration ensures 
a very rapid build up of current in X;. It is more significant 
on the back edge which occurs without the core switching 
back, i.e. without regeneration. 


analysis of the circuit in Fig. 2(b) is both difficult and un- 
profitable. Useful design formulae can be established by 
making some approximations. Although errors are intro- 
duced the circuit is sufficiently non-critical in operation not 
to be significantly affected by them. 


The switching time of the core is governed by the law 


Ti BI he = AD) 0.50, x/0 0 ened oe owes (1) 
where K is a constant dependent on core material and 
dimensions, 


N is the number of turns in the winding, 
Im is the amplitude of the current pulse, 


1, is the current which would cause the core to switch 
in infinite time and is related to the knee of the 


curve. 
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Fig. 2. Core-transistor scale-of-two circuits 
(a) Switching the core with C in series 
(b) Scale-of-eight counter using series C 
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Fig. 3. Scale-of-seven showing feedback arrangement 


The filter RiCi2 has an additional function. The 
hysteresis loop of the core is not ideally: rectangular. Con- 
sequently, a small voltage spike appears accross Wi. when 
an input pulse is applied to Wu even if the core does not 
switch. The energy content of this spike is small, however, 
and the filter effectively prevents the appearance of spurious 
pulses in the output of X. 

When the count of an n stage circuit is to differ from 
2" it is a standard practice to feed back some pulses and so 
modify the count. The feedback pulses must be suitably 
delayed so that they do not coincide with the proper input 
pulses. Fig..3 shows an arrangement in which a transistor 
X, is used to delay the feedback pulses. An output is 
obtained from the last stage immediately after all cores 
switch ‘0’-—>‘1’. The feedback pulse suitably delayed is 
applied to the selected core so as to switch it ‘1’— ‘0’, and 
thus modify the count. The count of the circuit in Fig. 3 
is 7. 


Design Considerations 
By virtue of the non-linear behaviour of the core accurate 
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It can be deduced from this law that the switching time 
varies inversely with the excess amplitude of the current 
pulse and that there is a threshold current below which the 
core will not switch. 

If in the circuit in Fig. 2(b) the collector current of X. 
rises very rapidly and its maximum amplitude is sufficient, 
then the core will switch ‘0’—> ‘1’ in a time which is short 
and nearly independent of Cn and R>. This is, in fact, what 
happens. When the core switches ‘1’— ‘0’ the time taken 
is much longer and it depends upon Cn and Ro. It may 
form the main limitation of the counting rate and must be 
considered in some detail. 

Fig. 4 shows four current curves: (a) represents the 
inverse exponential discharge of C1 which would take place 
if X. (Fig. 2(b)) cut off instantaneously and the core did not 
switch. Curve (b) allows for the finite decay time of Xo 
collector current. Curve (c) shows the discharge curve when 
core 1 switches ‘1’—>‘0’. Curve (d) is the approximation 
to (c) by a rectangular current pulse. The areas under all 
four curves are the same and equal to the maximum charge 
stored in Cu, viz. CuVs, where V; is the supply voltage. 
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From curve (d) the mean switching current 7m and the 
overall switching time rm can be defined, such that 

Oe Bn | re (2) 
7m Will normally be greater than the core switching time 
zc, but for maximum speed the two values should be very 
close. 

R. can be calculated with the help of theequivalentcircuit 
in Fig. 4 which is valid for the discharge of Cu when the 
core is not switching, ie., curve (b) in Fig. 3(a). The 
generator current is assumed to decay linearly according to 
ic = (Vs/Ro) (1 — (t/7i)), where 7; is the decay time. 

The loop equation is, 


t 
icRo + imRo = Vs — (1/Cu) f imdt 
° 


Solving for im, 
im = (VsCu/7i) {1 — exp (—(¢/CuR.)) }..... (3) 











Fig. 4. Discharge curves for the series C 
(a) Idealized ditcharge curve 
(b) Actual discharge curve with the core not switching 
(c) Actual discharge curve with the core switching 
(d) Approximation to curve (c) 
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Fig. 5. Three-stage shift register 


Maximum im in the circuit will flow when t = 7;. Expanding 
the exponential term up to the second power and putting 
t>Ti, 
im (ri) = (Vs/ Ro) 1 - sat us ed ee eis 
( 2CuRo ) (4) 


This equation is valid only for 7; << CuRo. 
imvi denotes the peak current in curve (b), Fig. 4. 


If curve (b) is assumed to be a triangle with base 7m, 
then the area under (b)=4 im (7iJ7m= area under (d) =Jmrm, 
1.€. im (ri) = 2! a. 

Solving the above equation for Ro and substituting for 
im (zi) yields, 

a we ee (Cu + V(Ci? — 4Cula7iVs- (5) 
2Culm be ‘Cpideaniees 

With the aid of equations (1), (2) and (5) the circuit can 
now be designed. 
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The following data apply. to the circuit in Fig. 2(b). 


Cores: Mullard FX1502, Ferroxcube, 2mm o.d., 50 turns 
per winding. 

Transistors: Mullard OC44, average 8 = 50, average f, = 
10Mc/s. 

Supply: Vs = 10V. 

The information contained in equation (1) is more often 
supplied as a curve. For the cores used the value 760mA- 
turns, giving 7m of about 2usec was selected. Hence, sub- 
stituting in equation (2), } 

Cu = (Im7m/Vs) = 076/50 x (2/10)uF = -003 uF. 

_The decay of the input current pulse was measured to be 
about 0-Susec. Substituting in equation (5), gives Ro = 
166, but in fact, the value is not critical, and both Ro = 
180Q and R, = 1500 are suitable. 

Although the components evaluated above refer to the 
first stage of the counter, all stages can be identical. Thus, 
in Fig. 2(b), Ro = Ru = Ra, etc., Cu = Ca = Cu, etc., and 
so on. 

Other components are non-critical, Rw = 180Q and 
Cy = 0-:003uF give satisfactory results. Similarly, provided 
that the transistors have a 8 > 40 and f, > 7Mc/s their 
characteristics do not matter. 

The maximum input repetition frequency which the 
circuit can handle depends on the switching time and on 
the permissible collector dissipation of X, and possibly X:. 
As mentioned earlier the circuit was designed to have 
‘1’ ‘0’ switching time of 2usec. However, the ‘0’ ‘1’ 
time is much shorter, 1 usec being sufficient. It follows that 
the circuit will count I usec pulses at 330kc/s repetition rate. 
In accordance with equation (1) the switching time can be 
cut by increasing the current. To achieve this result both 
Ci and R, must be reduced as shown by equations (2) and 
(5). In fact, the highest input frequency achieved was 
750ke/s with Cu = 0-001 uF, Ro = 1200 and Vs; = 12V. 


Shift Register 

The circuit described so far can be modified to act as a 
shift register. For this purpose it is necessary to add an 
extra winding for the shift pulse and to remove the 
inhibitory action which occurs as a result of the capacitor 
discharge current flowing through the winding of the pre- 
ceding stage. Fig. 5 shows a three-stage shift register. The 
direction of the windings. is such that the positive shift 
pulse switches the core ‘1’—>‘0’ and so does each tran- 
sistor. The capacitor discharge current switches the core 
ae ke 

Assume that the contents of the register is 1, 0, 1, in cores 
1, 2 and 3, respectively. The incoming shift pulse will have 
no effect upon core 2, but it will switch cores 1 and 3. The 
shift power required to do so is quite small because the 
switching is aided by the regeneration in transistors X; and 
X;. Pulses are emitted by. Xi and X; but none come from 
X>. Consequently only C:; is charged. The state of the cores 
is now 0, 0, 0, with C, fully charged. Upon the termination 
of the shift pulse C2, discharges switching core 2 ‘0’ ‘1°’. 
Hence the state of the register is now 0 1 0, i.e., the pattern 
of digits has been shifted one stage to the right. 
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The Charge Storage in a Junction Transistor during 
Turn-off in the Active Region 


By R. S. C. Cobbold* 


T hrough the solution of the one dimensional diffusion equation for a junction transistor, equations 
are derived for the emitter and collector currents that exist under conditions of minimum turn-off 
time. These equations are shown to be in fairly good agreement with the practical results. 
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ONSIDER a pnp transistor that is conducting in the 

active region. If a reverse base current is applied, the 
collector current will fall in a manner that is dependent 
on the magnitude of this reverse current. Three particular 
cases that arise can be considered. 

Suppose that the magnitude of the reverse base current 
is less than the emitter current that passes in the steady 
state. Then holes will continue to be injected into the base 
region after the reverse base current is applied, which results 
in a comparatively long turn-off time. 

When the reverse base current is equal to the emitter 
current then the net emitter current will be zero, and only 
the collector will act as a sink for holes. 

If the reverse base current is just greater than the emitter 
current, then both emitter and collector will act as sinks, 
and the turn-off time is shortened. 

The limiting value of turn-off time will be obtained when 
the reverse base current is sufficiently great so that the 
emitter current is limited only by the diffusion time of holes 
in the base region. Under these conditions there are perfect 
hole sinks at both the emitter and collector junctions, and 
the turn-off time will be independent of variations in the 
reverse base current. 

It is this limiting case which is the subject of this article. 
This case is particularly interesting since, under these con- 
ditions, the minimum turn-off time of a junction transistor 
is obtained. 


FORMULATION OF PROBLEM 

To solve the problem, recourse must be made to the 
physical phenomena involved, rather than to the equivalent 
circuits, which apply only for times greater than several 
transistor time-constants. 

Assume that the emitter and collector can both act as 
perfect hole sinks, and that the effects of collector capaci- 
tance and base width modulation can be neglected. 

If the short-circuit current gain in the grounded base con- 
nexion, an, tends to unity, then the initial hole density in 
the base will be a linear function of distance; hence one can 
write 

AP =mx+q 
where AP = excess minority carrier density 

x = distance from emitter 
m and q are constants determined by the base width 2W, 
the diffusion constant D, for holes in the base region, and 
/., the initial collector current. 

The one-dimensional diffusion equation for holes in the 
base can be written as 


dAP/at = —(AP/7,) +D » (@AP/dx’) ...... (1) 
where 7, = minority carrier life-time in the base region. 





* Defence Research Board, Canada 
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Initially, for 
8< 25 FF, 
AP = mx+q 
Also, at the boundaries, 
AP = 0 at x= 0 and x = 2W 


SOLUTION 

It is shown in the Appendix that, subject to the initial 

conditions, the solution to equation (1) can be written in the 
form 

= + Wm 

AP = 5 4jx|4- 


n=I,3.5-- n 


nn’L,” 
exp [ -tir9 ( 1 + vt ] 


pen W 
“ > 4/x [=" sin (nex/2¥) | 
n=?,4.6-- n 


n’n*L,” 
exp —(t/ rp) 1 + ty 


where L,? = Dyrp 
In a junction transistor the base width is usually very 
much less than the diffusion length Ly, thus 
n7’L,? 
Now in the active region, m = —(q/2W), so that equation 
(1) can be rewritten in the form 


= Wm 
AP=-)> ale[ sin (nex /2W) | 


n=1,2-- n 


n’7?L 
exp | — (t/ 7p) | cover ccccece (2) 


Equation (2) was computed for various values of (t/rp . 
z*L,?/4W?) and the results are shown in Fig. 1. The y axis 
is AP . x/4Wm, and the x axis is the distance from the 


_sin (nex/2) | 





emitter. The quantity t/7, . z°L,”/4W? can be expressed in 
terms of t/7n, where 7, is the transistor time-constant. 
4w? 


It can be shown!’ that 7, = 243 D, 
Now D, = (L;"/7»), 
“. t/t (7° L,?/4W?) = (t/7n)4-06 
Hence the exponent can be written (—(t/72)) . 4-06 . n? 
THE COLLECTOR AND EMITTER CURRENTS 
The collector current J, is given by 





dAP 
I, = eDy 5 where e = charge of a hole. 
x x=2W 
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From equation (2), 


I, = —eD,.2m ! S cos (nzx/2W) 


n=1 


n'n'L,* 
exp | - (t/7») Tw ee 
Now cos nz = (—1)" 

nrLy? 


oe 
I, = +eDy.2m > (184 exp| —c+ a | 
ps >’ 4W 


D 


The series is convergent for t > 0, and for t > 0 the limit 


1-4 ~ 
ry K=O 

“ 
1-2} ‘Sy 


a 2,2 
i K= Ate 
1-0} Sy Tp 4w* 
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Fig. 1. Excess hole density in the base region 
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Fig. 2. Decay of the collector current 





is 0-5 . J, has been determined for various values of ¢/7> 
x*L,’/4W? and the results are presented graphically in Fig. 2. 
For large values of ¢ the first term in the series pre- 
dominates. 

Thus for t > 0-4 rn 

io ~ £e Dy om. exp(—4t/7n) 

A delay time can be defined, that is the time taken for the 
collector current to change by 10 per cent of its initial value. 
This is given approximately by: 

Ta = 0-16 Tn 

In a similar manner it can be shown that the emitter 

current is given by 


= abe 3 
I, = 2e Dy m> exp [ -ir9 | 
a=] 
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The sum of the series tends to infinity as t > 0, Also, for 
t/tp . 7L,/4W? > 1-5, the collector and emitter currents 
become approximately equal in magnitude, and this is 
shown graphically in Fig. 3, where J. is the steady state 
emitter current. 


Measurements 

Measurements were made on a number of different tran- 
sistors to determine how closely the theoretical prediction 
approximated the practical results. 


| 
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Fig. 3. Decay of the emitter current 
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Fig. 4. Circuit for measuring decay times 


Fig. 4 shows the circuit for measuring the collector and 
emitter currents when a large reverse current was applied. 
A Western Electric mercury relay provided an energizing 
pulse that had a rise-time of less than Imysec, but as the 
oscilloscope had a rise-time of 13musec reliable measure- 
ments of transistors with f, greater than 3Mc/s could not 
be made. 

The maximum initial reverse base current was limited by 
the extrinsic base resistance, ry’, and the amplitude of the 
voltage pulse available at the base terminal. Nevertheless, 
this was greater than 150mA for the values of ry’ 
encountered. 

Variation of the pulse amplitude showed that for suffi- 
ciently large reverse base currents the emitter and collector 
decay times became independent of the change in reverse 
base current. It was under these conditions that measure- 
ments of the decay times were made. 
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The effect of the collector capacitance was to produce 
a large initial increase in the collector current, thus obscur- 
ing any plateau resulting from the delay time ra. An addi- 
tional effect? was the reduction of minority carrier density 
resulting from the variation of f, with the collector to base 
voltage. As this voltage increases so the effective base width 
decreases, resulting in an extra flow of minority carriers out 
of the collector. The effect of this last phenomenon on the 
collector current has not been determined, though for high 
frequency transistors it may be quite significant. 

Figs. 5 and 6 show the emitter and collector current wave- 
forms for two pnp transistors whose alpha cut-off fre- 
quencies are 0-1Mc/s and 0-68Mc/s respectively. 

Measurements of the decay time of the collector and 
emitter currents to 10 per cent of their initial values indicate 
an agreement to within 30 per cent of the calculated values. 
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Fig. 5. G.E.V.T.D. 112 transistor, 
T,=1°6 10-‘sec 
(a) Collector current 15mA|Divi- 
sion 
(6) Emitter current 35mA | Division 
(c) Collector current (expanded 
scale) 4-7mA | Division 
(d) Emitter current (expanded scale) 


Fig. 6. Texas 301 transistor, 
T, 34 10—*sec 
(a) Collector current 15mA|Divi- 
sion 
(b) Emitter current 22mA | Division 
(c) Collector current (expanded 
scale) 4-5mA | Division 
(d) Emitter current (expanded scale) 





8mA | Division 10mA | Division 
This is surprising in view of the gross approximation made 
in the theory. 


Conclusions 

From a simplified one-dimensional model of a junction 
transistor, expressions have been derived for the decay of 
the collector and emitter current that occurs when a very 
large reverse base current is applied. From these expressions 
it has been shown graphically that both the collector and 
emitter currents decay to 10 per cent of their steady state 
values in approximately three-quarters of a transistor time- 
constant. 

By neglecting the effect of collector capacitance, it is 
found theoretically that a collector current delay time of 
0-16 vn occurs, but in practice this effect is masked by the 
collector space charge capacitance. 

Experimental measurements of the collector and emitter 
currents for several types of pnp transistor show a close 
agreement with the theoretical predictions. It thus seems 
reasonable to assume that the results will be applicable to 
any type of alloyed junction transistors, and will prove to 
be of use in the design of circuits where a very fast turn-off 
is required. 
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APPENDIX 
SOLUTION OF THE DIFFUSION EQUATION 
dAP/at = —(AP/rp) + Dy (0’P/ dx") 

Assume a solution of the form AP = T(t) . X(x) then 
AP = |Ci cos ax + C2 sin ax] exp(—t/r,) exp(—Dy,a’t) 

Now at x = 0 AP=0 

,.a= 0 

AP=0 
*.a = (nz/2W) where n = 1,2,3--- 


Also, at x = 2W, 


Hence, 
ce 
AP = 2 Cn sin anx exp [—(t/rp) (1 +.an°Ly?)] .... (4) 
n=1 
using the relation L,? = D,7, 
Att =0, AP=mx+q 


Thus, expanding mx + q in a series 











AW em (—1p" 
mx = > — sin (nzx/2W) 
w n=1 n 
valid for 0 <x<2W 
_ 9.4 & sin (2n — 1) (xr/2W) 
 . > an — 1 
n=1 on 


mx+q= ail «@ + Wm) sin (xz/2W) — (Wm/2) 





q+Wm 
sin (27x/2W) + ———— (32x/2W) — ----- 
phic aeankeneatn (5) 
Comparing the terms in equations (4) and (5) 
q+Wm 
Ca. = 4/x). (*) ---- for nm = 1,3,5,7,~-- .... (6a) 
Ca = —(4/z7) . (Wm/n)---- for n = 2,4,6,---- .... (6b) 
Substituting equations (6a) and (6b) into equation (4) 
= + Wm 
AP= > 4/s [= — sin (nsx/209) | 
n=1,3,5-- n 
nL, 
exp [ -«ira ( 1 + 7) 
< Wm 
- > 4/n [— sin inex/2) | 
n=2,4-- n 
n'rL,? 
exp —(t/r) {| 1 + ae 
. (7) 
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Rectangular Hysteresis-Loop Magnetic Cores 





as Switching Elements 


By J. F. Kaposi*, Dipl.Ing., A.M.LE.E. 


Magnetic cores with approximately rectangular hysteresis loops can be used as switching or storage 

elements because they possess two stable states of remanent magnetization. The loop which is 

traversed when such a core is switched from one state to the other depends partly on the magnetic 

properties of the core and partly on the switching waveform. In this article the theoretical basis 

of core switching using voltage and current pulses, experimental results of switching different types of 
cores, and sonie special applications are discussed. 
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OROIDAL magnetic cores with approximately rect- 

angular hysteresis loops have been available for some 
years. Their application as bistable elements in switching 
and data-storage circuits has been studied fairly exten- 
sively, and this type of core can now be included among 
the devices at the disposal of the designer of digital systems. 
It does not appear to be generally appreciated: that the 
performance of a core when constant voltage pulses are 
applied to its input winding differs significantly from that 
obtained when constant current switching pulses are used. 
For some purposes constant voltage switching is to be 
preferred; both methods of switching are discussed below. 


Constant Current Switching 


Switching by constant current pulses is implied in most 
of the published accounts of equipment employing rect- 
angular hysteresis-loop cores, and this mode of operation is 
usually assumed in theoretical examinations of the switching 
process. Constant current switching has consequently been 
widely discussed****5, and only a brief summary of the 
main findings is given here. 

With constant current operation, the switching waveform 
is a rectangular current pulse (Fig. 1) applied to an input 
coil wound on the core, The field AH is directly proportional 
to the current, to the number of turns on the input winding, 
and inversely to the mean diameter of the core. The flux @ 
and hence the flux density B take up the values defined by 
the hysteresis loop. During switching the flux is reversed; 
this can be observed by examining the voltage pulse 
appearing across an output winding. 

It can be demonstrated both theoretically and experi- 
mentally that a finite time, called the switching time, is 
needed to reverse the flux in the core. The relationship 
between the switching time 7, the driving pulse amplitude 
and the properties of the core material is given by 


7(Hm _ H.) = Se 
where H» is the maximum applied field. 


H, is the threshold field at which the average velo- 
city of the domain boundaries in the core is zero. 

Sw is the switching coefficient, which is a constant 
for a given core. 


This equation holds if the switching current pulse has a 
very short rise-time in comparison with 7 and it indicates 
that the switching time decreases as the driving field is 
increased. As H, cannot be calculated very easily, the utility 
of the equation is limited. When H»m is very. large, H. can 
be neglected and the equation reduces to 7Hm = Sw. In this 
form it can be used to deduce the switching time from the 
magnitude of the switching field. 





* Ericsson Telephones Lid. 
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The output voltage waveform is shown in Fig. 2 (full 
line). The amplitude is determined by the switching field, 
the core material and the cross-sectional area of the core. 
There is a minimum field below which a core will not 
switch fully. If a switching field of less than this minimum 
value is used, the output pulse shape becomes rather ill- 
defined. In Fig. 2 the dotted lines show the output pulses 


‘t 


eh 











Fig. 1. Constant current waveform 


Field below minimum 








Fig. 2. Output waveforms 


for lower and higher values of switching field than that 
which produces the full-line output pulse. 

For the design of circuits in which square hysteresis-loop 
cores are employed, it is necessary to have more informa- 
tion than that which can be obtained from data-sheets and 
theoretical studies. The variation of the switching time with 
input ampere-turns is among the characteristics which need 
to be known, and by measurements on a range of cores 
it has been established that the general form of the curve 
is as shown in Fig. 3. For stable working it is clearly desir- 
able to choose an operating point in a region where the 
switching time does not change rapidly with the driving 
current. The region between A and B on the curve is the 
most suitable from this point of view, but it is not always 
practicable to operate the core in this region. If the 
measured output voltage per turn is plotted against the 
switching time, the general form of the ‘curve is again as 
shown in Fig. 3. 
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In Figs. 4 and 5 are shown the measured input ampere- 
turns against switching speed and output voltage per turn 
against input ampere turns for various commercially- 
available cores under constant current switching 
conditions. The switching time is considerably influenced 
by the rise-time of the driving pulse; these results were 
obtained with a driving pulse rise-time of less than 
0-4usec. 


Constant Voltage Switching 


When a core is switched by the application of a constant 
voltage pulse to its input winding, the resulting current 
waveform is of interest. The input impedance is deter- 
mined mainly by the inductance of the winding, which in 
turn depends on the permeability of the core material. 
When switching begins, the permeability is low and the 
current rises rapidly; when the steep part of the hysteresis 
loop is reached, the core impedance becomes high and the 
rate of rise of current is much less. When the core is fully 
switched, there is little further flux change and the current 
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Fig. 3. General form of AT or V/T against T curves 


increases rapidly again, being limited mainly by the source 
impedance. If the coil is considered to be a pure inductance 
L, the current i is given by 


Wo @ AJGEGL), ... 050. ceccvvcece (1) 
V. being the applied voltage. 


Since the permeability changes during the switching pro- 
cess, the inductance is not constant. However, if the 
idealized hysteresis loop of Fig. 6 is considered, the portion 
traversed during switching of the core from one state to the 
other is made up of four regions, OA, AB, BC, CD, and the 
inductance can be taken to be constant in each region 
separately. For the region oA, if N is the number of turns 
on the coil, A the cross-sectional area of the core, @ the 
total flux and B the flux density, 


L = (Ndo/di) = NA (dB/ di) 
and if / = the magnetic path length in the core, 
i = (IH/N) 
whence 
L=(N°*A/D . dB/dH 
= (N°A/I). m 
= Lom writing (N*A/l) = Lo 


The current is initially zero, so that from equations (1) 
and (2) the current while the portion oa of the hysteresis 
loop is being traversed is given by 

Vo 


loa = | Meter rere ee re rk (3) 
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This equation holds until the current reaches the value 

I, = (Hal/N), which occurs at the time given by 

_ Ai,l Lop 
ae 

Similarly, while the portion aB of the hysteresis loop is 

traversed, the current in the input coil is given by 
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las = ie = OF + Beh iisvcdsncsdune (5) 
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Fig. 4. AT against 1/7 curves 
(Constant current switching) 
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Fig. 5. V/T against 1/t curves 
(Constant current switching) 


The current at point B is Hs//N and this point is reached 
at the time f given by 
Hyl _ Hal 
pie N 
BF HM crccccccece (6) 


Lope 





While the portion sc of the loop is traversed, the current 
is given by 
Vo 


ize = = 004 Be oo. ctl ee (7) 
Loja 
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If the duration of the switching pulse is sufficient, isc 
will increase until it is limited by the source impedance, and 
will remain at the maximum value so determined until the 
pulse ends. The current waveform represented by these 
equations is shown in Fig. 7. A somewhat better approxi- 
mation to an actual hysteresis loop than that shown in 
Fig. 6 is obtained by considering the loop to consist of 
linear segments linked by parabolic arcs. However, the only 
effect this has on the calculated output current waveform 
is to round off the angles, and the arguments which follow 
are not substantially affected. 

















H 
Fig. 6. Idealized hysteresis loop 
lv 
Mout i 
&4---~----nf--------------.. Z 
rc Se NC i ee Af 
’ \ 
1s - ? 
if, it 
If Mh 
H " 
i 
O;} ¢ to ty t 





Fig. 7. Current and voltage waveforms 
(Constant voltage switching) 


The process of transferring the core from one remanent 
state to the other is completed when, at the end of the 
switching pulse, the final flux change from point c to point 
D on the hysteresis loop occurs. However, the intervals 
0 — ft and ft — ts; in Fig. 7 can in practice always be 
neglected in comparison with the interval ft —f; in other 
words, the switching process can be considered to be com- 
pleted when point B is reached, and the tf) — f interval can 
be taken as the switching time. Hence from equation (6), 

Ts — I 
Vo 
T= (N24 /D) us Ccecceccvccccceoce (8) 
and the switching time can be calculated from the core 
and coil characteristics and the driving pulse amplitude. 


The concept of an equivalent resistor for a switching core, 
which is helpful in the design of circuits, was introduced 
by Sands*. The equivalent resistor is defined as the resistor 
which dissipates the same energy as does the core during 
the switching process, and Sands showed that for a core 
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switched by a constant current pulse its value is 


N°ABmA 
I 9 
Al ( ) 
AB» being the total change in flux density. 
Under constant voltage switching conditions, the value of 
the equivalent resistor can be arrived at as follows: In the 
previous paragraph it was shown that the interval n — f 
can be taken as the switching time. Correspondingly, ia 
can be considered as the input current to the core winding. 
Hence from equation (5), 
, Vo 1 
in = ——- ff 
lin Lome + la 
and the input energy is given by 
t 


Win = f Volin at 


t 


Vo 
= fl =: t+ 1 | dt 


V5 Ries 
= Z ‘o~/Z V. > 
:.. (t2°/2) + Volate 
If the core is replaced by an equivalent resistor Roy, the 
energy dissipated during switching is (Vo7/Rev) . tz Hence 





A Vo" 2 
Vo°t2/ Rev — pio . (to /2) + V late 
ole 
whence 
Vo Vo 
v= So ress 10 
R (V of2/ 2Lope) +14 (yp + I4)/2 ( ) 
because 


T3 = (Vot2/ Lops) + Ix (equation (5)) 


A special feature of constant voltage switching is that 
a core can be switched very slowly applying very low 
voltage pulses across the input winding. 

It was shown previously that the input current rises until 
it reaches a maximum value determined by the source 
impedance. 

Initially the rise is rapid, and the value J, is reached 
in a very short time. Switching will be complete or partial 
depending on whether or not the current reaches a value 
greater than Js. From equation (7) it can be seen that if 
the driving voltage pulse is long enough—that is, if it 
terminates later than f:—the final increase of current may 
result in a value greater than Js necessary for full switch- 
ing being reached. 

If the amplitude of the driving voltage pulse is very 
low, the time f necessary for the current to reach the 
value Jp becomes longer, and if the width of the driving 
pulse is greater than f2, the core will be switched in a very 
long time, which cannot be achieved with constant current 
switching. 

Now it is easy to see that for a given driving pulse width 
there is a minimum amplitude, and for a given amplitude 
there is a minimum pulse width below which the core will 
not switch completely. 

These considerations suggest two ways in which cores 
in an array might be selected by constant voltage switch- 
ing. Firstly, selection by driving pulse duration might be 
possible since a core will switch completely if the driving 
pulse duration exceeds f but will not switch if the pulse 
duration is less than ft}. Secondly, equation (6) solved for 
V. shows that if the driving pulse amplitude V. exceeds 
pol(In—Ia)/t2]Lo the core will be switched completely, while 
equation (4) again solved for V. shows that switching 
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cannot take place for amplitudes of V. less than 
Ia(Lopa/t*). In that case the width of the driving pulse 
is longer than 4; but shorter than ft, 

However, with the cores examined so far a practical 
application of these selection systems could not be found, 
the ratios f2/t; and u:/ pm being too big. 

In Fig. 8 practical waveforms of constant voltage switch- 
ing can be seen. 

In Figs 9 and 10 the results of experimental tests of 
constant voltage switching of cores are shown. 

In Table 1 comparative results are shown regarding low 
field constant current and low voltage constant voltage 
results indicating that in the latter case the core has a 
useful and well defined output even at very low voltage 
per turn ratios. 


Effect of Temperature 


Tests have been carried out on the temperature 
dependence of the switching properties of various cores. 


iva 








Fig. 8. Practical waveforms 
(Constant voltage switching) 
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It has been found that constant voltage switching gives 
the better results under variable temperature conditions. 

As the temperature is raised with constant current switch- 
ing the voltage per turn ratio increases and the switching 
time decreases. The rate of change is different for different 
types of cores and it can be quite significant at tempera- 
tures well below the Curie point. 

With constant voltage switching, though the switching 
current decreases with temperature, the. switching time— 
according to equation (8)—remains fairly constant, as 
Iz—I, remains constant with temperature. The voltage per 
turn ratio is not affected as far as the source can be 
considered a constant voltage source. 

In Table 2 some results are collected of the switching 
of a core under variable temperature and driving con- 
ditions. It is evident that more stable operation can be 
obtained with constant voltage switching. 


Some Aspects of Core Circuit Design 


The usual practical circuit arrangement for a core is 
shown in Fig. 11. Suffix 1 indicates the: input, suffix 2 
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indicates the output circuits. In the following it will be 
assumed that the core is reset when it is necessary and 
that this is carried out in the same way as the switching 
of the core. 

When calculating the switching field one must take all 
the currents flowing in the different windings during 
switching into account. 

The constant current switching will be discussed first. 


In most practical cases the required output into a given 
load is known. Thus the output requirements are controlled 


_ by hb, V2, R and +. For a given J; into a fixed R a par- 
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Fig. 9. AT against 1/T curves 
(Constant voltage switching) 











Fig. 10. V/T against 1/tT curves 
(Constant voltage switching) 
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Fig. 11. Simplified core circuit 


























TABLE 2 

SWITCHING TIME (USEC) VOLTS/TURN (mV/TURN) 
~~ CONSTANT CONSTANT CONSTANT | CONSTANT 

VOLTAGE CURRENT VOLTAGE CURRENT 
20 3-1 3-1 50 50 
40 3-1 3-1 50 54 
60 3-1 2°8 50 68 
80 3-1 2-4 50 86 
100 3-0 1-9 50 100 
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ticular V2 is required at a particular r. 





ay _ , wae 
V2 = Nz (do/dt) = Na Turn 
From that Ne can be calculated. 
Volts 
N2 = v2 + Tum OO (11) 


Volts... : ; 
where the Sy ratio can be found from the diagrams in 
Fig. 4 and 5 after having chosen a particular core. 


If there is no load, the magnetic field is given by 
equation (12) and can be obtained from manufacturers’ 
data sheets. 

|, = (Nilio/D cover eeeseresove (12) 
where Jj) = primary current without load. 
] = mean magnetic path length. 


r 
4 


Imax r 


! No load 
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Fig. 12. Effect of load on the current waveform 
(Constant voltage switching) 


When a load /; is present, more current is required to 
switch the core in the same switching time. 


Ai, = Hmo + Az 
. hay + (N2e/N)dk ........ A. eS 


It can be seen that, by increasing the number of the 
input turns, the necessary primary current becomes less. 
Obviously the voltage across the input winding increases. 
In each particular application a compromise between input 
turns and input current must be made and this is deter- 
mined by the available driving source. 

Equation (13) suggests that—if the necessary current is 
provided in the input—any load can be supplied. 

In other words a core can be switched from the output 
of another core if the Joad is supplied and the driven core 
switches faster than the driving core. As the driving core 
is purely transferring the energy from the generator to the 
driven core, the energy required to switch the driving core 
is a loss. In order to reduce this it is advantageous to choose 
the driving core of small size. 

In one particular case a WX13 size 9 core was switched 
by a Plessey F426 core, and it was found that 1-5 to 2At 
less were needed to perform this operation than with a 
larger driving core (Plessey F262). 

When calculating the equivalent of a core-circuit one 
must be very careful in considering the value of the 
equivalent of cores. In the corresponding formula of equa- 
tion (9) the value of B» depends on the applied switching 
field and on the previous magnetic state of the core. If a 
large field of H2 is applied to a core which had been re- 
cycling on a smaller loop, the total flux change is Bu2-m = 
4Bm + 4Br, while if the core was left in point a, the total 
flux change is Bu: > Bua-m (see Fig. 13). 

The reasons for using constant voltage switching can be 
(1) a rectangular output pulse required, (2) minimizing the 
effect of changing temperature, and (3) the core may have 
to supply different loads from time to time. Assuming that 
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the available driving current is always sufficient, variable 
loads can be put on the output of a constant voltage 
switched core, because the voltage per turn ratio, and hence 
the switching time, will not change. The core always takes 
the required current from the driving source, so that there 
is nothing to be adjusted. Calculations, however, should be 
made for defining the number of turns and the necessary 
maximum current. 


Equations (11) for N2 and (13) for Jmax can be used in that 


8 

















Fig. 14. Hysteresis loop 
(Biased full-current matrix) 


case as well, and the available maximum load current is 
given by equation (14). 

a vs Nill max —_ Tz) 
No 

In Fig. 12 the input currents can be seen for different 
loads. The switching action is stable if the value of h 
defined by equation (13) does not exceed the value of the 
final current. If it does, the actual switching field starts to 
decrease, hence the voltage per turn ratio decreases and the 
switching time increases. 

Consider a biased-full-current-matrix. In this all the 
cores of a matrix are biased by a current pulse or by a 
direct current to some point A, Fig. 14. A constant current 
pulse is sent along the selected row and this, opposing the 
bias of the row, sets all the cores of this row to some 
point B, while the rest of the matrix cores are at point A. 
Shortly after the start of this current pulse a constant volt- 
age (or constant current) pulse is applied to the selected 
column, switching the selected core. The switching back of 
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the core is dore by the bias current after the. switching 
pulses have finished. 

In the following the loading effect of the bias circuit is 
discussed. 

A simplified circuit diagram of the selected core is shown 
in Fig. 15. When the core is switching, an induced voltage 





L 


Fig. 15. Simplified diagram of a core in the biased full-current matrix 


appears across each winding. Due to this voltage a current 
pulse will fiow in the bias circuit, which tends to flow in the 
same direction as the bias current itself. In other words, 
the bias circuit represents an additional load. 


According to Fig. 15 the switching field is given by 
Hsw = (Hi — Abias) + [He — (Aicaa + AH Bcioaa))] 


indicating that H: is available to supply the true load 
(Hioaa) and the unwanted load (Hx i10aa)). 


Calculating J:icaa), 
Avia . 1. V/T 


Tgqcaa) = 
V dias 


where Abias = HAsw 


1 = mean magnetic path length are fixed 


V/T = volts/turn 


Equation (15) suggests the method of decreasing Hytoaa) 
by increasing Vy and hence Ry for keeping Hx the same. 

When designing a core circuit, the disturbances have to 
be considered. Here only a special note will be written in 
connexion with half-current coincidence matrices. 

In this kind of system the disturbed output is affected 
by the tolerance on the ‘read’ and ‘write’ currents and 
the hysteresis loop on which the core is working. 

Assume a particular application of small ferrite cores 
with a nominal full ‘read’ of 380mAt which, due to 
tolerances, can take any value between 340 and 420mAt. 
The half-write field can vary from 160 to 190mAt. 

A series of tests has been made. The sequence of 
measurements and the results are presented in Table 3. 


At first it can be seen that the variation of the half 
current has only a slight effect on the disturbed output. 
Increasing the full ‘read’ to 420mAt the disturbed output 
becomes smaller. Now decreasing the full ‘read’, the 
output becomes slightly less than it was before, working 
almost on the same hysteresis loop. After applying full 





























TABLE 3 
| WRITE (mA | READ (mA ae (mV 
IN 1 TURN) | IN 1 TURN) ACROSS I TURN) 

cs ae | 340 | 20 
oe | Sa Bele me 
Le 190 | 340 | ae 

4 190 420 | 16 
ta Se Re es a 
ol. oe 340 | 20 
2a See Rees 211 
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‘write’ of 340mAt and full ‘read’ of 340mAt and then 
half ‘ write’ of 340mAt and full ‘read’ of 340mAt and 
then half ‘write’ of 160mAt and full ‘ read’ of 340mAt, 
the disturbed output is the same as it was at the beginning 
of this series of tests. 

It can be seen that the biggest disturbed output appears 
when working on the smallest hysteresis loop. The reason 
for that can be that the smallest loop is less square than 
the bigger ones. 


Conclusions 


There is no general formula to be followed when design- 
ing a core device. The choice of core material and size 
should be decided individually. However, a few points may 
be helpful. 


Core TYPES AND MATERIALS 


Fast and Slow Switching Cores 

It is unnecessary to point out the importance of a fast 
computing or memory element. However, slow cores have 
several advantages for devices where the speed is not of 
primary importance. Some of these advantages are: (a) 
The driving source need not have such a high frequency 
response which results in lower equipment cost and (b) 
when switching the slow core at a faster rate, the operating 
point can be chosen on the more stable region of the 
characteristic. 
Ferrite and Metal Tape Cores 

Though available metal tape cores have a less square 
hysteresis loop than ferrites, their other useful properties 
make their application advantageous. (1) They need less 
switching field than ferrite cores of similar switching 
properties. (2) By controlling the number of wraps of the 
metal tape, practically any size and cross-sectional area 
can be obtained. 

All the Plessey, Mullard and Scott cores are usable up 
to 50°C. The slow switching metal tape core showed the 
best performance at temperatures up to 100°C. 


CHOICE OF DRIVING CONDITIONS 

Constant voltage switching is recommended whenever 
there is a free choice. This method of operation is more 
stable, less temperature dependent and is able to supply a 
variable load without adjustment of the input. 


DESIGN 

The equations give fairly accurate results and are very 
useful. However, it is always advisable to study all the 
available practical information on cores and experimental 
checks should always be carried out. 
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Accurate Measurement of 


Transistor Cut-off Frequency 


By Yasuo Tarui* 


An equipment is described for the quick and accurate measurement of current gain, a, of high 

frequency transistors in the frequency range between 1 to 20Mc/s. The absolute value and phase 

of « can be measured with an accuracy of 1:5 per cent. Quick determination of « cut-off frequency is 
possible. 


(Voir page 313 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 318) 


OR the measurement of the current gain, «, the most 
Wcsterinet of the high frequency parameters, Coffey’ has 
proposed a heterodyne method which uses a separate signal 
generator and a receiver. By his method the signal generator 
is set to a given frequency, the receiver is tuned to this 
frequency, and the measurement is done at this specific fre- 
quency. This is time consuming and at the same time the 
frequency drift in both the signal generator and the 
receiver local oscillator make it difficult to perform stable 
and accurate measurement. 

In the method proposed in this article the frequency of 
the local oscillator is locked to the frequency of the signal 
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Fig. 1. The method adopted in this equipment 


generator by the difference of the intermediate frequency. 
The most important portion in the circuit is the termination 
of the transistor. The error caused by this termination was 
considered and the overall accuracy in the determination 
of f, was estimated to be 5 per cent in a quick measurement 
and 2-5 per cent by repeated zero balancing around the 
specific frequency. 


Frequency Range and Accuracy 

A frequency range of | to 20Mc/s was decided upon and 
an accuracy of 5 per cent was set as a goal in the determina- 
tion of f,. It is necessary to know with what accuracy « 
must be measured, and for this purpose the following 
approximation of « was used: 


to eiKT 
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where K is a constant which is independent of the 
frequency, and a is « at low frequency. Then, 
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Fig. 3. Stray components assumed in error calculation 


at x cut-off frequency |a| = (a./V2) ie.x= 1 
dy/dx = —2. 


This means that if f, is required to an accuracy of x per 
cent, then « must be measured to an accuracy of x/2 per 
cent. Therefore, to meet the stated requirements « must be 
measured to an accuracy. of 2°5 per cent and the goal of the 
accuracy of phase measurement is 3°. From the considera- 
tion of accuracy in phase measurement and ease of ampli- 
fication an i.f. of 10kc/s was adopted. In the measurement 
of a 10kc/s was used also. The error introduced by the 
fact that 10kc/s is not a very low frequency can be calcu- 
lated from equation (1). It is shown that for the severest 
case of f, = 1Mc/s, the error is not greater than 10~*. 





The above photograph shows the equipment in use. 








Termination 

For the measurement of « a load resistor is inserted in 
the collector circuit. To:make a rough approximation for 
the allowable value for this resistor the following equations 
are checked: 





Phase! 
mete; 
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where R is the load resistance. 
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The error introduced by this load resistor is in the ratio 
(1 — AR). If it is assumed that the output impedance is 
of the order of wC., then this term becomes: 


(1 — heR) = (1 + w°C2R*) tan“? wCR ........ (6) 
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| The error in |a| is approximately 4w°C°R’ and the error in 

phase is tan-'wCR. For an accuracy of 3° in phase at 
20Mc/s with C, = 20pF, the load resistance is calculated 
to be 20-82. With a load resistance of 202 the error in |a! 
is calculated to be 1:26 x 10-*. This is a negligible error 
for the present purpose. It must be noticed, however, that 
the assumption of fh, is only an approximation. For a 
detailed check of the error it is necessary to consider the 
real value of h. with the inclusion of y»v’. 


For the termination on the input side two methods were 
compared; these are shown schematically in Fig. 1 and 
Fig. 2. Fig. 1 shows the method adopted in this equipment 
and Fig. 2 shows the one by Coffey. Figs. 1(a) and 2(a) 
are schematic diagrams, while Figs. 1(b) and 2(b) are 
equivalent circuits including stray elements. The method 
by Fig. 1 is to compare the output of transistor into Z: in 
the upper part to the output from the reference circuit in 
the lower part. The reference circuit is comprised of a 
circuit which has exactly the same construction as the tran- 
sistor circuit except that the emitter and the collector are 
short-circuited at the socket. Measurements are made by 
comparing the output of the transistor to the voltage which 
is attenuated «’ times the output of the reference circuit. 
The error introduced by measuring « of the transistor by 
indication of attenuation «’ is estimated. The comparison 
described above implies: 
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Fig. 4. Block diagram of the equipment 
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In the second method in Fig. 2 the emitter current and 
the collector current are compared directly. Z;’ is the stray 
impedance and Z, is the input impedance of the transistor 
For the initial balance, the emitter and thecollectorareshort- 
circuited at the socket, the magnitude and phase of the out- 
put of the two amplifiers which follow Z; and Z: are 
balanced. For the ease of calculation the amplification and 
phase of the amplifiers are included in the value Z; and Zp. 


(2) 
BUFFER 
GAH6 
(2) 
BUFFER 
OAH6 

















L_ 





t—? 





ay) 
OSCILLATOR] 
51 to 7OMc/s 


6J6 











959 MAY 1959 285 ELECTRONIC ENGINEERING 














The condition for initial balance is: 


Z2. Zs 
=- Mans aiciesina aie dieks 9 
Zs riz (9) 
« Of transistor is measured by balancing the two outputs 
a oo i gg re (10) 
io. Ze = (1 — in) Zs 
a’'Z1 — aZ2 9 (11) 
Zi -@i+zayr or 
From equations (9) and (11) the ratio 2/2’ is known to be 
(Z3’ + Zs) 
ee 12 
a/ a (Ze i Zi) (12) 
Then 
in; _|Z2— Z| 
HN ~ Git) = Pe 


Assuming Z: < Z,;’ 
= |(Z2 — Zs) 1/Zs'| = |(Z2 — Z| |1/Zs'| .... (13) 
Equations (8) and (13) show that the comparison of the 
accuracy of Fig. 1 and Fig. 2 are made by the two terms: 





_|Zs + 2; | 
(1) A es, Zig, toc (14) 
i Ek, a eee (15) 


Here it may. be noticed that Z; and Z;’ are not of the same 
magnitude because Z; can be made small by directly con- 
necting Z; to the transistor socket, whereas Z3' includes 
stray elements up to the coil tapping. The accuracies can 
now be examined assuming specific values for each com- 
ponent. If it is assumed that Z; is a stray capacitance of 
O'SpF and Z; is composed of a 10k) resistor and a 0-5pF 
capacitor in parallel, A in equation (14) is calculated to 
be: 

A= t6 x 10*@”) 
Then if the inequality 

|1/Zs] < 16 x 10-* 


is satisfied, the method in Fig. 2 is better. It means that the 
stray capacitance must be smaller than 1°28pF, and this is 
rather difficult by the method in Fig. 2. Moreover by the 
method in Fig. 2 the error introduced by the by-pass effect 
in the coil layer itself cannot be estimated. 

Therefore the method in Fig. 1 was utilized. The maxi- 
mum error introduced by this method is estimated, by 
assuming the transistor input impedance to be in the range 
between 0 to 502) and the stray components as in Fig. 3, 
to be: 

Zs + Zs) _ . ‘.. 4.49 . 
ai * ee 1-12 per cent 


|Z: — Z| .|_—— 
Circuit Description 

A schematic diagram of the equipment is shown in Fig. 4. 
The master oscillator (1) generates signals in the range 51 
to 70Mc/s. This master signal is mixed with signals from 
the oscillators (3) and (3’) which are controlled by crystals 
to 5O0Mc/s and 49:99Mc/s respectively. Therefore the 
accuracy of the intermediate frequency (i0kc/s) is deter- 
mined by the difference of the stabilities of two crystal 
controlled oscillators, The signal from the mixer (4) is 
amplified to 0-5V by the video amplifiers (5) and (6). Then 
this signal is supplied to the transistor and the refer- 
ence circuit through the cathode-followers (7). To 
measure the low frequency « i.e., a, the 10kc/s oscillator 
7” is added. The h.t. supply is switched to (7”) or (1) to (6) 
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and (1’) to (6’) by: a simple switch for the measurement of 
ao and high frequency « respectively. Output voltages of the 
transistor and reference circuit are mixed with the local 
signal from (7’). To avoid the change of conversion gain 
with the level of local signal, a large enough local signal 
(about 1V) is supplied to operate in the saturation range. 
10kc/s signals from both the transistor and reference circuit 
are amplified by (9) and (9’). The reference channel is 
attenuated by « and 3dB attenuators in the cathode- 
follower (10). After amplification by (11), (12), (119, (12) 
and rectification, the signals are compared by d.c. refer- 
ence meters (13) and (13’). For the phase measurement, the 
outputs of (11) and (11’) are amplified and clipped and 
supplied to gi and g; of a gate valve type 6AS6, which con- 
ducts only when g; and g; are both positive. 
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Fig. 5. Balance of 2 channel amplifiers 
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Fig. 6. Check with dummy 


Measurements are made by the following procedures, To 

get an accurate value of « at a specific frequency: 

(1) The transistor terminal is short-circuited at the emitter 
and the collector. 

(2) The « attenuator is set at 1. 

(3) The gains of the two channel amplifiers are equalized 
with the signal calibration attenuator by the output 
balancing meter. 

(4) By inserting the transistor and balancing the output 
again with the attenuator, « can be measured from 
the attenuator dial. 

The maximum error in this case is estimated to be 

approximately. 1-35 per cent. 

(1) Check the balances at 10kc/s and 1Mc/s with a short- 
circuit at the emitter and the collector. 

(2) a is measured by the « attenuator at 10kc/s with the 
transistor in the socket. 

(3) Switch to high frequency and attenuate the gain of 
the reference circuit by the 3dB attenuator. 

(4) Then get 4 balance of the output meter by sweeping 
on the frequency dial. The frequency where the 
balance is again obtained is f.,. 

In this case the error in the difference of frequency charac- 
teristics of the two channel amplifiers is included. 


Checking the Test Set 

Fig. 5 shows balance of the two channel amplifiers. This 
was taken by short-circuiting at both transistor and refer- 
ence circuit and the signal calibration balanced at 1Mc/s. 
The frequency was then changed by the main dial and the 
deflexion in the output balance meter was measured. 
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Fig. 7. Change of magnitude with dummies 


An overail accuracy check was made by using an 
accurately measured short lead capacitor inserted as in 
Fig. 6, and comparing the calculated and the measured 
attenuation and phase shift. The results for two values of 
capacitors are shown in Fig. 7 and Fig. 8 for magnitude 
and phase respectively. From these figures it can be seen 
that in the range 


f=1~ 20Mc/s, «= 1~ 05, 


phase = 0 — 60°, accuracy in « is +1-5 per cent and 
in phase +2°. This is not a complete check, although with 
the design considerations and the above checks it is believed 
that the required accuracy has been achieved. 
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Measurement of Vibration Amplitude 


Equipment has been developed by the Mechanical Engineer- 
ing Research Laboratory of the Department of Industrial 
Research for the direct measurement of peak-to-peak amplitude 
of mechanical vibrations. Its frequency range is from 0 to 4kc/s 
but it is particularly suitable for use at frequencies below 50c/s; 
it.can conveniently measure~ vibration amplitudes down to 
0-00002in. 

The principle on which the instrument is based is the produc- 
tion of interference bands or moiré fringes from two gratings 
placed face to face with their lines not quite parallel. Relative 
motion between the gratings in a direction at right-angles to 
the lines produces motion of the fringes such that when the 
gratings move through one line pitch the fringes move through 
one fringe pitch. 


If a pair of gratings are illuminated by collimated light, then 
the distribution of light intensity across the fringe pattern is 
approximately sinusoidal and four photocells can be arranged 
to receive light signals in quadrature. Applying the amplified 
output of the photocells to the plates of a cathode-ray tube pro- 
duces a circular trace for continuous motion of the gratings, 
and an arc of a circle for vibratory motion. The angle subtended 
by the arc is directly proportional to the amplitude of vibration 
and when the arc just closes into a circle, the peak-to-peak 
amplitude is equal to the pitch of the gratings. Hence vibration 
amplitudes can be measured in terms of the known pitch of 
the gratings down to approximately 0-05 of the pitch and up 
to a value depending on the maximum number of complete 
circles which can be identified on the trace. Using 2 500 lines/ 
inch gratings, this gives a discrimination of 0-00002in. 


The light source consists of a low-wattage projection lamp 
and an aspherical collimating lens. The lamp is fitted in a slid- 
ing holder so that the transverse filament can be moved about 
the optical axis, thus altering the angle at which the light is 
incident on the gratings. The fixed grating is mounted in a 
holder which can be rotated about the optical axis by means 
of a lever and screw arrangement. This provides a. sensitive 
means of adjusting the small angle by which the lines on the 
gratings are crossed. The holder can also be adjusted axially to 
set the gap between the gratings. The moving grating is mounted 
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in a block cantilevered out from the main body on two parallel 
spring strips, the vibratory motion being imparted to the block 
through a ball-ended stylus. 


The fringe field is focused on to the photocells by the com- 
bined four-element prism and lens. The light falling on each 
facet is deviated and focused on to a separate photocell, the 
geometry of the arrangement being governed by the physical 
size of the cells. In order to bring the signals into quadrature, 
the fringe pitch is made equal to the combined width of the 
four facets by adjusting the crossed angle between the lines on 
the gratings. This adjustment is effected in practice by observing 
the degree of circularity of the trace on the c.r.t. There are now 
four spectra focused on the plane of the photocell apertures 
which are approximately 0-060in square and act as slits to allow 
only light of the required wavelength to reach the cells. These 
are phototransistors and have peak spectral response in the 
near infra-red region, 1-Sz. 

The useful frequency range of the equipment is limited by 
two factors, The first is the frequency response of the photo- 
transistors, the cut-off frequency being quoted by the makers 
as 3kc/s. However, since the only effect of reducing the ampli- 
tude of the signals is to reduce the diameter of the circular 
trace, while the angle which a given arc subtends remains con- 
stant, the equipment can be used at frequencies above this value. 
The second factor is the effect of resonance in the spring-strip 
suspension of the moving grating. This trouble can be overcome 
in a number of ways such as adjusting the stiffness of the sus- 
pension to place its resonance outside the required frequency 
range. Alternatively, the suspension can be dispensed with 
altogether and the moving grating fixed directly to the vibration 
source or to a rigid extension fixed to the source. In this case 
the vibration must be restricted to motion in a straight line 
normal to the lines on the grating since components in other 
directions will give rise to errors. ‘ 

Dynamic calibration is unnecessary since the accuracy of 
measurement depends only on the accuracy of the gratings and 
is independent of fluctuations in mains voltage. 

The instrument can also be used to measure small displace- 
ments. 
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A Miainiaturized 
Radio Telephone Terminal 


By E. J. Allen* 


the disproportionate size and cost of the associated radio advantages, i.e.:— 


necessary to complete the 
connexion into the local 
telephone exchange system, 
with or without privacy 
facilities, has proved a 
serious stumbling block. 

When the cost of a 
small independent-sideband 
transmitter and associated 
receiver capable of handling 
four commercial speech 
channels in a 12kc/s band- 
width is contemplated, it 
is something of a shock to 
find that the terminal and 
associated equipment for 
putting these communica- 
tions to line will absorb a 
further sum more _ than 
double this initial amount, 
and that space for four 
10ft 6in and’ three 9ft 
double-sided standard tele- 
phone type racks must be 
found. 

The type TOP.20 radio 
telephone terminal has been 
introduced by Standard 
Telephones and Cables 
Limited to overcome these 
disadvantages. It occupies no 
more space than the familiar 
floor-standing private 
branch exchange, being 75in 
high; 33in wide and 19in 
deep, the maximum weight 
of a fully equipped terminal 
being approximately 70Olb. 
The cost is about half that 
for the conventional equip- 
ment used previously. 

While reference is made 
by: the manufacturers to its 
suitability for the small link 
they emphasize that it is The TOP.20 radio telephone terminal 
eminently suitable for larger 





























* Standard Telephones and Cables Ltd. 


ELECTRONIC ENGINEERING 288 





Equipment 


A radio telephone terminal equipment is described which although only a fraction of the size of 
conventional equipment provides a comparable performance and provides for the simultaneous 
operation of up to four commercial grade speech channels. 


(Voir page 313 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 318) 


ROSPECTIVE users of short-haul independent-sideband The fully equipped TOP.20 incorporates the full facilities 
aes telephone links have in many cases found that available with older equipments and some additional 


telephone terminating and band-displacement equipment Simultaneous operation of up to four commercial- 


grade speech channels with provision 
for routing of voice-frequency tele- 
graph circuits. 

Transistorized control and modu- 
lator circuits. 

Built-in band displacement for both 
5kc/s and 6kc/s systems. 

Built-in invertor to work with all 
current inversion systems, with provi- 
sion for use with current ‘ scrambler’ 
privacy systems. 

Ringing, send and receive, at 500c/s 
and 1 000c/s. 

Voice operated gain adjustor device 
(v.0.g.a.d.) in each transmit and receive 
path. 

Voice operated device anti-singing 
(v.o.d.a.s.) to prevent singing and false 
operation due to noise, with minimum 
speech clipping. 

Order-wire facilities to enable the 
technical operator .to communicate 
- with the transmitting and 

receiving sites and also with 

the switchboard operator. 
Fully automatic operation 
with no routine adjustment. 

A high degree of long-term 
circuit stability is a major factor in 
the design. 

Built-in record unit using a tape- 
loop for storage of a message up to 
30sec in duration. The _ technical 
operator can record his speech while 
in circuit, and the information can be 
repeated as long as required. A 
message can be recorded indepen- 
dently for each speech channel, and 
independent erase facilities are pro- 
vided. 

Channel monitoring on two circuits 
visually by V.U. meter and aurally by 
panel-mounted loudspeaker or by 
operator’s headset. 


Extensive use of strip-units is made, 


and more ambitious systems, and was designed to replace each being quickly removed and replaced for servicing, 
entirely the older type of equipment in all types of is.b. which can be carried out externally with the assistance of 
radio telephone system. a test set described later in this article. Space is saved by 
; the use, throughout, of miniaturization techniques. 
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General arrangement of the radio telephone terminal 
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V.0.6.4.0. Voice operated gain adjuster device 


V.0.0.4.5, Voice operated device anti-singing 
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The internal framework of the cabinet is of channel 
section carrying six cross-members. These in turn carry 
vertically mounted and easily detached strip units, each 
connected by plugs and sockets. A cable duct is provided 
at each side of the cabinet and entry may.be at the base 
or top. Up to four control panels plus an intercom- 
municating panel and test panel are accommodated on a 
hinged housing on the front of the cabinet. This may be 
swung out to give access to strip units mounted behind. 
A detachable writing-shelf is fitted to the cabinet at a 
convenient position below the control panels. Below this 
shelf there are double doors giving access to fuse panels 
and strip units in the lower front section of the cabinet. 
At the rear are two full-length doors giving full access 
to all strip units mounted on the rear of the framework 
and the power supply equipment in the base of the cabinet. 
Both sets of doors are dust-sealed, those at the rear carry- 
ing air filters. 

All cabinets are supplied fully wired, but need not be 
fully equipped initially. When expansion is necessary, 
additional units can quickly be fitted by the user, on site. 
The minimum equipment available as standard is for two 
speech channels. A single-channel version is not economi- 
cal in this equipment; but for this specific purpose, where 
extreme economy is a factor and expansion is not foreseen, 
a single-channel desk or bench-mounting unit called the 
type TOP.21 is available. 

One internationally-recognized valve type is used 
throughout, the Brimar Trustworthy type 6057, a direct 
equivalent to the U.S.A. ruggedized type of the same 
number. Both are derived from the prototype 12AX7 which 
may be used where the 6057 may not be readily available. 
While the circuits will work with normal efficiency there 
will be some sacrifice of reliability with the prototype 
valve. A total of 82 valves is used in the fully equipped 
TOP.20. 

Valve heaters and a reduced h.t. supply are left on 
during breaks in normal operating schedules to ensure 
stable operating conditions and an enhanced valve and 
component life. The total power consumption for the full 
equipment is less than SO0W. 

Silicon power rectifiers are used, and the regulation is 
such that no significant change in output voltages occurs 
from full to minimum load. Input mains regulation, for 
maintenance of performance, however, should not exceed 
+5 per cent in voltage. For variations outside these limits, 
an external automatic voltage regulator will be required. 


Typical Performance 


BANDWIDTH 

The equipment is designed to handle voice frequencies 
between 250c/s and 3 000c/s and to eliminate frequencies 
not containing components of intelligence. The normal 
bandwidth on each speech circuit is 250c/s to 3 000c/s, but 
use of the narrow-band filter incorporated will limit the 
upper figure to 2 450c/s. 
VoIcE OPERATED DEVICE ANTI-SINGING 

The signal-to-noise ratio from the radio path or from 
the subscriber should be at least 25dB for a good speech 
circuit, but satisfactory v.o.d.a.s. operation can be obtained 
with a signal-to-noise ratio as low as 10dB. 
SPEECH LEVELS 

Input from two-wire line (acceptable range) 

—37 to +10V.U. 
Input to transmit v.o.g.a.d. —-40 to +7V.U. 
Output from transmit v.o.g.a.d. (+2 V.U.) 0V.U. 
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(External privacy may be inserted at this point)* 
Input to invertor-shifter 
Output from invertor-shifter (adjustable) 

—2 to +13 V.U. 
Qutput to radio transmitter line (adjustable) 

—5 to +10 V.U. 
Input from radio receiver line (acceptable range) 
—26 to +5V.U. 
—29 to +2V.U. 

0V.U. 


0 V.U. 


Input to invertor-shifter 
Output from invertor-shifter 
(External privacy may be inserted at this point)* 

Input to receive v.o.g.a.d. 0V.U. 
Input to receive v.o.g.a.d. (acceptable range during 


fading) —17 to +10 V.U. 
Output from receive v.o.g.a.d. (+2 V.U.) —2V.U. 
Output to two-wire line —5 V.U. 


EMPHASIS 

Speech emphasis, giving as much as 18dB increase in level 
at 3000c/s as compared with that at 500c/s is employed 
in the transmit v.o.g.a.d. in order to enhance speech 
energy at the higher frequencies and hence provide 
increased reliability of v.o.d.a.s. operation. 


POWER REQUIREMENTS 
200 to 260V, 40 to 60c/s single-phase. Voltage variation 








* When an external scrambler system is used, input and output levels 
will be 0 V.U. at the insertion points mentioned above. 


not exceeding +5 per cent. Power consumption less than 
500W for the fully equipped cabinet. 


Test Equipment 

With the conventional type of terminal and allied equip- 
ment, operators will be only too aware of the annoyance 
of having to wait until a particular routine is finished 
before a bay can be taken out of service for testing a 
faulty or repaired unit. 

The type of construction embodied in the TOP.20 
equipment was expressly adopted to render the utmost 
facility in rapid servicing, and the test equipment makes 
possible the fullest use of this technique. 

While routine testing facilities are incorporated in the 
TOP.20, use of this test equipment enables any unit to be 
worked on and tested under an exact simulation of work- 
ing conditions independently of the TOP.20, which can 
remain in service while testing is being carried out. 

Power supplies, the necessary signals and V.U. meter 
are provided for the unit under test, and provision is made 
for relay, ringer and v.o.d.a.s. switching tests with synthetic 
speech for v.o.g.a.d. testing. Only one such test equipment 
would be necessary on a station, irrespective of the number 
of TOP.20’s installed. 
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An Electrophysiological Amplifier for Students’ Use 


By P. E. K. Donaldson*, M.A. 


A compact, single-sided amplifier is described for action-potential recording from excised nerve or 
muscle. The apparatus is entirely mains-driven, and it is felt that in this respect, and in view of its 
simplicity, it may be of interest to other biological laboratories. 


(Voir page 313 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 318) 


_ leading off action-potentials from excised excitable 
tissue, the greatest difficulty is encountered (but often 
the most significant results obtained) when recording from 
small nerves, or even single fibres. For here the signal is 
smallest—tens of microvolts—and the preparation resist- 
ance highest—hundreds of kilohms. The signal-to-Johnson 
noise ratio is therefore at its worst. The situation is further 
aggravated because, under conditions of high preparation 
resistance, electrostatic interference is at its most trouble- 
some. To exclude, as far as possible, hum and mains- 
borne transients from the eventual record, high-gain bio- 
logical amplifiers have, at least in this laboratory, generally 
been battery-driven. 

It is useful if action-potentials can be displayed on an 
oscilloscope, so that the student may examine their form, 
and simultaneously played through a loudspeaker, so that 
he may be aware of their presence when the eyes are 

















* The Physiological Laboratory, Cambridge. 
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directed elsewhere. With valves of second world war and 
earlier vintages, acoustical feedback was practically inevit- 
able unless the loudspeaker and the first stage valve or 
valves were widely separated. 

As a result of these considerations, apparatus for record- 
ing from nerves has comprised a number of separate items, 
namely: 


(1) Pre-amplifier. 

(2) Post-amplifier, with loudspeaker. 

(3) H.T. batteries. 

(4) Accumulators. 

While it is certainly true that battery-operated gear is 
simpler in principle than mains-driven, it is doubtful if it 
is as convenient in practice. Accumulators demand a proper 
maintenance routine, and dry batteries need careful check- 


ing for incipient noise-production. Further, apparatus com- 
prising a number of units suffers wear and tear at the 
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Fig. 1. A small, self-contained, mains-driven amplifier 
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Fig. 2. Output waveforms of the amplifier 


Fig. 3. Amplifier circuit 


* Input cable 3ft of Polythene insulated, 16pF | ft 


Die cast box 


connectors and flexible leads in being repeatedly set up 
at the beginning of, and taken apart at the end of, practical 
classes, 

There seemed, therefore, to be a good case for investi- 
gating the feasibility of a small, self-contained, mains- 
driven amplifier, if this could be achieved without great 
additional complication and expense. The equipment 
described here, of which five specimens have been con- 
structed, is the first attempt. Its size can be judged from 
Fig. 1. That it does not ‘howl back’ is attributable to the 
remarkable freedom from microphony of modern braced- 
structure valves. Absence of hum and noise may be judged 
from Fig. 2(a), taken with the input short-circuited. The 
two small ‘ pips’ are 10uV calibration marks. That there 
is very little 50c/s pick-up with a high impedance signal 
source may be verified from Fig. 2(b), taken at the same 
gain; the dummy preparation was a 1MQ, 0-5W, carbon 
composition resistor. Fig. 2(c) shows a 50c/s timing wave, 
taken at the same sweep speed. 

The circuit of the amplifier is shown in Fig. 3, and is 
quite straightforward. The heaters of the first two stages 
are supplied with direct current. Half-wave rectification 
proved adequate both here and in the h.t. supply. The 
latter includes no choke; hum transferred to the Sin loud- 
speaker, as a result of returning the top of the speaker 
transformer primary direct to the rectifier input capacitor, 
is quite imperceptible. The first two stages are enclosed in 
a die-cast box measuring 44in by 34in by 214in. This is 
sandwiched between two foam plastic sponges; the resilient 
mounting so formed is helpful in combating acoustical 
feedback, and renders the equipment insensitive to general 
vibration. Box and sponges can be adjusted about a vertical 
axis. In this manner, hum induced into the grid circuit of 
the first stage, by stray magnetic field from the mains trans- 
former, can be made to pass through a sharp null. The 
input terminals should be short-circuited when carrying out 
this process. The mains transformer used is an unshrouded 
type having fully interleaved laminations. 

It is essential that a separate wire be used to carry the 
negative heater supply to the first two stages; any attempt 
to combine the heater negative and h.t. negative supplies 
to these stages into one lead, or worse, to eliminate the lead 
altogether and use the chassis instead, will cause serious 
hum. The heater circuit as a whole should be earthed at 
the valveholder of the first stage, and nowhere else. This 
implies that it is advisable, 
if the heater supply 
smoothing electrolytics are 
of the metal-can type, to 
interpose some insulation 
between the can and the 
mounting clip. 

No heat sink is neces- 





sary for the GJ3M recti- 
fier. 


Conclusion 





A need has been sug- 
































gested for a compact, 
mains-driven _ biological 
amplifier. A design has 
been produced which has 
proved stable and repeat- 
able. In the interests of 
simplicity and cheapness, 
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a number of rules of ‘ good 
practice’ have been trans- 
gressed; the performance is 
nevertheless satisfactory. 
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HE Electronic Engineering Association, whose head- 

quarters is at 11, Green Street, London W.1, was 
formed in 1944 under its previous name of the Radio 
Communication and Electronic Engineering Association by a 
number of prominent manufacturers of electronic equip- 
ment for aeronautical use who had found that they had 
several common problems which might be resolved collec- 
tively. Since that time the Association has expanded con- 
siderably and now as a consequence covers aviation, data 
processing, marine and mobile radio uses of electronic 
equipment. In keeping with the times it is likely that a 
further section will be set up shortly to deal with elec- 
tronics in most industrial applications. 

The membership of the Association today embraces 
virtually all the leading manufacturers of electronic equip- 
ment in the United Kingdom. Provision has, however, been 
recently made whereby the smaller concerns who have only 
a limited interest in the Association’s field of activities may 
join the Association in that section in which they are most 
interested. 

Very. briefly the objects of the Association are to promote 
the interests of its members in connexion with the manu- 
facturing and marketing of those items of electronic equip- 
ment in which the Association interests itself and to 
promote research in connexion therewith. It also endeavours 
to maintain a high standard of quality, design and work- 
manship in the industry and gives advice on and otherwise 
deals with manufacturing problems and promotes the 
standardization of electronic equipment where this is 
desirable. 

The Association also exists to assist manufacturers and 
others having commercial relationships with the industry 
and to give them advice and assistance as required. Further 
objects are to institute, promote and support measures 
improving the standard of employment in the industry, and 
to further the education and training of engineers and 
technicians for the industry. 


Principal Functions of the Association 


The Association’s activities may be listed under two main 
headings: 


(1) Commercial 
(2) Technical. 


Its functions in the commercial field are strictly limited by 
the wish of its members, that is to say, it does not exist 
as a price-fixing trade association and its activities do not 
come within the mischief of the Restrictive Trade Practices 
Act. Its value in this sphere lies rather in that it serves as 
a focal point whereby Government Departments such as 
the Ministry of Supply .or Board of Trade may reach the 
capital goods side of the electronics industry when either 
of them may be aware of export business which is offering. 
Similarly it allows Government Departments to obtain 
from this part of industry a collective view on any par- 
ticular commercial problem with which they may be faced 
from time to time. The Association is of course also able 
to keep its members in touch with the movements of 
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THE ELECTRONIC ENGINEERING 
ASSOCIATION 


foreign delegations and with overseas exhibitions, with a 
view to exploiting the export possibilities of the industry. 
The Association does interest itself in the contract condi- 
tions of Government and other large bodies, but it has no 
contract conditions of its own and has no power to force 
its members to accept its views on any of these matters, 
Rather it confines itself to the giving of advice and assist- 
ance in this sphere when required. So much for the func- 
tions of the Association in the commercial field. While 
these services are by no means insignificant, they do not 
in any way stand comparison with the services which are 
provided on the technical side. Here the Association is 


TECHNICAL 
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Fig. 1. E.E.A. main committee structure 


undoubtedly of immense value to its members, partly 
through the promotion of standardization through the good 
offices of the British Standards Institution and partly by 
providing a forum for discussion on the manifold technical 
problems which arise within its member companies. 
Perhaps at this stage it would be best to give some details 
of the actual structure of the body, through which its 
method of operation will be more clearly understood. 


Structure of the Association 


The main committee structure can be seen from Fig. 1. 
The controlling body is the Council, which is the only unit 
of the Association which has executive authority. All the 
sections and committees which may from time to time take 
some action do so on authority expressly delegated by the 
Council. For instance, the Aviation or Marine Executive 
Committees may initiate action in their respective fields as 
occasions demand, but they only do this on specific 
authority delegated by the Council. 

Similarly, on the technical side, the Council operates 
through its Technical Committee. This in turn exercises 
control over the sectional technical committees and the 
miscellaneous technical committees. 

The sectional technical committees have a dual responsi- 
bility. They report to their respective executive committees 
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on matters requiring executive action, but they also report 
to the Technical Committee in order that technical co- 
ordination in all spheres of the Association’s work may be 
achieved, Subsequently, executive committees report to the 
Council, which may take executive action as required. 

In addition to controlling the sectional executive com- 
mittees there are a number of direct Council committees as 
shown in the diagram. Some of these will be dealt with 
later, but perhaps a word or two concerning that dealing 
with Government Inspection, and also the Frequency 
Advisory Committee might not be out of place here. 

The Government Inspection Working Party has been of 
great value to the Association whose members have to 
submit their equipment supplied to Government Depart- 
ments or the Services to stringent Government Inspection. 
The Inspection service is controlled by the Ministry of 
Supply, and the Association is happy to record that its 
Inspection Working Party has been able to establish a most 
satisfactory: forum for co-ordination with the Ministry on 
these matters. 


TECHNICAL COMMITTEE 


assist members with any problem on contracts which tney 
may have on hand. In this sphere of action, the Committee 
maintains very. close liaison with the Federation of British 
Industries and it has recently set up means whereby it can 
exchange ideas with other bodies such as the British Radio 
Valve Manufacturers’ Association and the Radio and Elec- 
tronic Component Manufacturers’ Federation. 

The Publicity Committee is maintained in order to pub- 
licize the capital goods side of the British electronics 
industry rather than to advertise the Association itself. It 
has before it certain projects for putting into effect world- 
wide publicity for the industry on a collective basis and it 
is expected that more will be heard of this later. This 
Committee has other routine functions. It advises members 
on the desirability of participating in exhibitions both at 
home and overseas. The Association is one of those which 
are sponsoring the Instruments, Electronics and Automa- 
tion Exhibition. The Committee gives guidance here. Its help 
was most valuable for the staging of the Electronic Com- 
puter Exhibition which was held last year. This was the 
first of its kind to be staged in the 
United Kingdom and was judged to 
have had a considerable impact. For 

















the last two years the Committee has, 


. CRYSTAL ENVIRON - MATERIALS VALVES, 
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ICES ° ° 
organized a press conference during 
COMPONENTS DRAWING EQUIPMENT PRINTED WIRING WAVEGUIDE ° ° 
PRACTICE SPECIFICATIONS AND ASSOCIATED TECHNIQUES the Farnborough Air Show, covering 


TECHNIQUES 


Fig. 2. E.E.A. technical committee structure 


The Frequency Advisory Committee is another case in 
which it has been found necessary to adopt the dual report- 
ing system. The matters it considers are very largely of 
political concern to the industry, and consequently for this 
purpose it reports directly to the Council. On the other 
hand there are frequently matters of a technical nature 
which need co-ordinating with the Association sections and 
here use is made of its direct link with the Technical Com- 
mittee. The Postmaster-General also has a Frequency 
Advisory Committee to which he has appointed members 
whose names were put up by the Association’s body, there- 
by enabling the Association to keep in close touch with 
developments in this field. 

The Councii’s administrative committees are, of course, 
primarily:concerned with the day-to-day functioning of the 
Association. 


Its Work in the Commercial Field 


It has been mentioned earlier that the Association has 
links with the Board of Trade and with the Ministry of 
Supply. Its connexions with Government Departments do 
not end there however. It has the closest of ties with the 
Postmaster-General’s Department on matters relating to 
radio communication, and of course by the very nature of 
its members’ business it keeps in close touch with the 
Service Departments. 

It should be stressed that its liaison with these depart- 
ments is far from being only on the level of manufacturer 
and customer. There are questions of type-approvals for 
equipment, technical advice to the Postmaster-General, 
assistance with standardization, representation at inter- 
national conferences and a myriad of similar subjects where 
the views of industry must be sought and provided. 

Prior reference has been made to the Association’s 
interest in contractual matters. It limits itself here to giving 
advice to its members but its Contracts Committee, com- 
posed of experts in this type of work, is always ready to 
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electronics as applied to aviation. 
It also arranges an annual press 
conference at the time of the 
Association’s Annual General Meeting. 

Little need be said about the sectional executive commit- 
tees. Their names indicate clearly their respective spheres 
of action. The work in each section varies from time to 
time depending on the existing need for collective action, 
and it may stem equally frem the technical committee or 
the executive committee. 


Its Work in the Technical Field 

A guide to the subjects covered .on the technical side may 
be obtained from Fig. 2 which illustrates the technical 
committee structure. With regard to the sectional technical 
committees it should not be thought that these only work 
on subjects generated within themselves. Each technical 
committee is represented on one or more outside bodies, 
Governmental or otherwise, and it is through these that 
the views of the capital goods side of the electronics 
industry are disseminated. For instance the Aviation Section 
is represented on the Ministry of Transport’s Civil Aviation 
Radio Advisory Committee. It has recently acquired repre- 
sentation on the newly formed Air Transport Electronics 
Council, Here it will have effective liaison with the civil 
aircraft operators and with the aircraft manufacturers. 

The Marine Section is similarly represented on two com- 
mittees of the Ministry of Transport and Civil Aviation. 
These are the Radio Aids to Marine Navigation Applica- 
tions Committee and the Ships’ Wireless Working Party. 
Subjects dealt with vary from the Convention of Safety 
of Life at Sea to the scale of a marine radar p.p.i. 
presentation. 

The Mobile Radio Section works closely. with the Post- 
master-General’s Mobile Radio Committee. Here such 
things are dealt with as channel spacing to be adopted for 
mobile radio communication. 

In the sections, the Data Processing Section has produced 
by far the largest technical contribution during the past 
two years, and Fig. 3 which shows the Data Processing 
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Fig. 3. E.E.A. data processing technical committee structure 


Technical Committee structure shows the direction in which 
it has been proceeding. It is natural that this Section should 
at the moment have a considerable amount of technical 
work confronting it since it is working in a comparatively 
new sphere and there are many novel problems facing it, 
particularly in connexion with standardization. Good pro- 
gress in this direction is being achieved. Since the Associa- 
tion as such does not issue any standards of its own to its 
members, those prepared by the Data Processing Section 
are passed to the British Standards Institution, where addi- 
tional co-ordination with users takes place. 


All the technical committees and working parties make a 
considerable contribution to the work undertaken by the 
B.S.I. and the Association is represented on upwards of 
125 B.S.I. committees. The technical effort thus involved is 
undoubtedly a heavy drain on the technical resources of 
member companies, but there is no doubt that the work 
performed is both necessary and fruitful. 


In the same way there is technical representation on a 
number of committees under the aegis of the Institution of 
Electrical Engineers. The Association also appoints tech- 
nical representatives to sit on various Post Office 
committees, particularly where these are formulating 
specifications for radio communication equipment. In this 
case any: of the appropriate sections may be involved. 


Close touch is also maintained with various Government 
bodies which are interested in the electronics field, and 
there is representation on the Joint Electronics Standardiza- 


An Experimental Radio Station on Ascension 
Island 


The Department of Scientific and Industrial Research, with 
the co-operation of Cable and Wireless Limited, will in June 
set up an experimental radio station at Ascension Island, from 
which two of their staff will conduct test transmissions to their 
Radio Research Station at Slough for a year. The object of the 
tests will be to investigate radio wave propagation over long 
distances. 

The D.S.I.R. Officer in charge of the project at Slough is 
A. F. Wilkins, who was associated with Sir Robert Watson Watt 
in the development of radar. The two officers going to Ascension 
are L. A. Brackstone and R. Aria. On Cable and Wireless 
Limited’s side, arrangements have been made on behalf of the 
Engineer-in-Chief by R. J. Hitchcock, head of the section deal- 
ing with radio propagation, frequencies and antennae. He is a 
member of the Ionospheric Communications Committee of the 
Radio Research Board. 

A receiver and transmitter have been developed at Slough, 
which although separated by great distances, may yet remain 
accurately in tune with one another while the radio frequency 
is automatically changed over a very wide band. On any radio 
circuit conditions on one frequency can be very different from 


ELECTRONIC ENGINEERING : 294 


tion Committee and on the Radio Components Stan- 
dardization Committee, both of the Ministry of Supply. 


There is, of course, a necessity to have liaison with a 
number of other associations with direct interest in the 
capital goods electronics field. Consequently there are 
joint committees and means for consultation with bodies 
such as B.R.V.M.A. and R.E.C.M.F. 

Electronics and in particular the application of com- 
puter techniques are spreading into many other industries. 
A means for technical consultation with these industries has 
been found in the Electronic Forum for Industry where 
contact is maintained with such bodies as the Machine 
Tool Trades Association, the Office Appliance and Busi- 
ness Equipment Trades Association, the Scientific Instru- 


-ment Manufacturers’ Association, the Society of British 


Aircraft Constructors and the Telecommunication Engineer- 
ing and Manufacturing Association. 

The Data Processing Section of E.E.A. was the main 
instigator in the setting up of this Electronic Forum for 
Industry, which is working only in the technical field with 
the other associations mentioned above. It is expected 
that the Forum may lead to the rapid extension of the use 
of computers throughout industry. It is as yet in its infancy. 


Technical Education and Training 


Everyone working in this field must be aware of the 
great importance which must be attached to technical 
education and training for the electronic industry. Since the 
recently announced re-organization of representation with- 
in the industry, the Electronic Engineering Association has 
agreed to assume responsibility for the major part of this 
work. Discussions are currently taking place with a view 
to seeing how these matters can best be handled. It is 
possible that a joint organization may be set up embracing 
the electrical, electronics, and telecommunication industries, 
whose educational problems have many common factors 
and whose technical training is very often closely linked. 
It is the intention that a new organization to deal with 
these subjects efficiently will be established with the least 
delay. 


conditions on another, and it is this difference which tells 
propagation engineers so much. 

This particular equipment is capable of sending and receiving 
signals on nearly 2000 different frequencies between 5-5Mc/s 
and 50Mc/s in the space of about 15 minutes. Only the trans- 
mitter will go to Ascension. The receiver will remain at Slough, 
where the signals will be observed and analysed. 

Antenna design is largely dictated by propagation considera- 
tions, and an interesting series of tests is planned to see the 
effects of shooting into the ionosphere at different angles. Cable 
and Wireless have always wanted to know the best angle to 
the horizon, at which they should transmit radio energy on 
long radio routes, and all the indications at present are that 
this angle should be very low. In this experiment three dipoles 
at different heights above ground are to be erected on a 150ft 
mast. By placing this mast as near as possible to the water’s 
edge and transmitting from each dipole in turn, it is possible to 
alter the shape of the transmitted energy to be in the vertical 
plane and see what effect this has on the received signal at 
Slough. It is believed that this is the first time a controlled 
experiment of this nature has been made. In addition, the Cable 
and Wireless rhomnic antennas at Ascension Island will be used 
to test the effects of good and poor sites as represented by 
having sea in front of one antenna and rock in front of the 
other. 
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A NEW TYPE OF 


RING COUNTER 


By P. J. Westoby* 


There are many occasions where a multi-stage ring counter is called for and the number of stages 

in the more usual schemes has been limited to 12, or so, for reasons mentioned. The article 

describes a system whereby any number of stages may be employed without the disadvantages 

met in the previous schemes. The method of working is expiained and simple design considerations 
are indicated. 


(Voir page 313 pour le résumé en francais; Zusammenfassung in deutscher Sprache Seite 318) 


ECENTLY many schemes have been evolved for 

transmitting intelligence, originating from many 
sources, through one channel. These schemes fall mainly 
into two types, time sharing and frequency sharing systems. 
Within the compass of the former fall such things as the 
passing of many private telephone conversations over a 
single pair of wires; or in telemetry where several channels 
of information regarding test vehicle behaviour may be 
transmitted to the ground over a single radio channel. To 
these two may be added the fairly common multi-beam 
oscilloscope that relies on an electronic switch for 
apparently obtaining many 
separate traces. RING GATES 

All the above mentioned 
schemes require some form 
of mechanical or electronic 
switching, or sampling, of the 
many information sources. If 
done mechanically the upper 
limit of the rate of sampling is 
not very high because of the 
mechanical unreliability of 
fast moving parts. An excep- 
tion is, of course, in the case 
of a mechanical switch that 
has only to run for a limited 
period, as in a_telemetered 
rocket test vehicle. In this case 
it can be made to work at a 
Telatively high speed. How- 
ever, as the majority of elec- 
tronic equipment must be reli- 
able over long periods the need for some form of 
electronic sampling is felt. 

This may take the form of a neon counter device or a 
series of valves in the form of a ring. The advantage of 
the neon counter is its compactness and simplicity, while 
its disadvantages are two-fold. Firstly, the upper frequency 
limit is set by the de-ionization of the gas, and secondly the 
number of stages is limited to around 12 unless specially 
developed tubes are used. Two or more such tubes could 
be used in conjunction with electronic coincidence gates, to 
obtain a greater effective number of stages than one tube 
alone; but the upper frequency limit still holds, and some 
simplicity is lost. 

The general scheme using a series of valves usually con- 
sists of the valves arranged in the form of a ‘ring’. The 
circuit is so arranged that only one valve within the ‘ ring” 
can be in a state of conduction different from the remainder. 
Each of the ring valves is connected to a gate, and at the 
transmitter each gate controls the individual information 
channels to a common line, i.e. the transmitter channel. 
At the receiver, every gate has a common input and a 
separate output for feeding the information into the separate 










Fig. 1. 





* Rank Cintel Ltd. 
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Common output Common input 
to line from line 


channels again. Some form of synchronization and drive 
is also employed to ensure the gates open and close at the 
correct time, This scheme is shown diagrammatically in 
Fig. 1. 

Valves in the form of a ‘ring’ may be used for simple 
dividing but as the number of stages is increased, the use 
of ‘ring’ type dividing circuits for simple division becomes 
increasingly inefficient compared with the binary, or scale- 
of-two scheme, to produce a given division. This is best 
illustrated by considering two practical,cases as shown 
below: 


GATES RING 
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Separate Separate 
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information information 
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RESET 





General arrangement of ring counters and gates 


Division Required _Scale-of-Two Stages Ring Stages 
5 3 5 
500 9 500 
In consequence, the main use for ‘rings’ of large numbers 
is found in the field of electronic switching as already 
described. 

Up to now there have been two types of rings commonly 
used, the first type, designed by Lewis', and the second 
described by Sharples’. The main limitation of the Lewis 
scheme is that of a practical nature. 

The circuit is similar to an Eccles-Jordan circuit in that 
one conducting valve is able to maintain the other valves 
in an ‘off’ condition. This is done by connecting every 
anode to every other valves grid via (m — 1) ‘averaging 
resistors’, where n is the number of stages in the 
system. These resistors load the anodes and so limit 
the upper frequency response of the system. To 
reduce this effect, high mutual conductance valves and 
low anode loads can be used, but even so an upper limit 
of about 5 or 6 stages is the maximum attainable in prac- 
tice before the signal at the anode is insufficient in ampli- 
tude to turn the next stage over. In addition, the practical 
consideration of wiring such a complex scheme becomes 
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formidable especially when lead lengths are kept to a 
minimum. A circuit indicating the scheme is shown in 
Fig. 2. 

An improvement on the above scheme is afforded by 
the second type of ring circuit mentioned above. This 
is the scheme that has been used in the American com- 
puter ENIAC. It consists of n stages of an Eccles-Jordan 
type circuit with all the corresponding cathodes connected 
together to two common resistors. The ratio of these two 
resistors is adjusted to be R and R/(n — 1). This scheme is 
shown in Fig. 3. 

The resistor R/(n — 1) has (n — 1) valve currents pass- 
ing through it, while the larger resistor has only one valve 





input 


accuracy is of paramount importance. This problem is 
aggravated by the fact that slight variations in valve con- 
stants produce the incorrect potential to enable only one 
stage to be ‘ dissimilar ’, in consequence of which more than 
one stage can be in the ‘ dissimilar ’ state. When this occurs 
there is no simple way of assuring that the correct state of 
conductions has been attained. 

It was because of this difficulty that when it was required 
to make a ring of 24 the above scheme was useless. 

The new scheme consists of 24 entirely separate Eccles- 
Jordan circuits. These are connected in cascade with the 
anode of one stage feeding into the grid of the next, and 
so on to complete the ring. 23 of the 24 stages are in 
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Fig. 2. Lewis five-stage ring counter 
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Fig. 3. The ring circuit used in ENIAC 


current passing through it, all the other valves connected 
to it being cut off; in this way all cathode potentials are 
equal. If another of the non-conducting valves becomes 
conducting its cathode potential would rise, and the 
Originally conducting one would then become cut off. Con- 
sequently only one stage can be dissimilar from the 
remainder. 

A negative drive pulse is applied to the smaller cathode 
resistor which turns on the half of the dissimilar stage that 
was off. This by trigger action turns off the other half and 
in so doing, feeds a positive signal to the off half of the 
next stage. Thus the dissimilarity has. been moved along 
one stage. 

The scheme is quite satisfactory up to about 12 to 15 
stages, but for larger number of stages, the value of 
R/(n — 1) becomes so small compared with R that its 
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a similar state of conduction while the 24™ stage is in the 
opposite state. Fig. 4 indicates this by shading the halves of 
each stage that are in a state of conduction. Now the drive 
pulses, required to ‘move the ring around’, are of a nega- 
tive polarity and are applied through diodes to correspond- 
ing grids on each stage. The function of these thermionic 
diodes will be discussed later. As the drive pulse is nega- 
tive, it can only affect the conduction of an ‘on’ valve, 
and the only grid with drive pulses applied to it in this 
state is the dissimilar stage Via. Consequently, this stage is 
turned over. In doing so a positive going step voltage 
appears at Vi, anode, while a corresponding negative 
going waveform appears at Vi» anode. This negative going 
step is differentiated to produce a negative pulse that is 
passed along to the next stage via a crystal diode. The pulse 
is applied to the conducting half of V2 i.e. V2, and so this 
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Fig. 4. Channel separator ring 


stage is turned over. When this occurs a positive 
step appears at Voy anode, but due to the series 
crystal diode, nothing is passed on to the next 
stage and hence the action stops. At first sight 
the crystal diode need not be used, as the suc- 
ceeding stage can only respond to a negative 
pulse, but in practice it was found more reliable 
to include it. V2 stage is now in the state 
previously held by V; and so, on receipt of the 
next negative drive pulse V2 stage is the only 
stage that can respond. In this way, each stage 
in turn becomes dissimilar from the others on 
receipt of a drive pulse and as the ‘last’ is con- 
nected to the ‘first’, the ring is made to recycle 
every 24 input drive pulses. 

The drive pulses are, as already mentioned, fed 
through thermionic diodes. These diodes are 
biased to such a potential that they only conduct 
when a drive pulse is applied. The potential at 
the grid of a conducting valve in the Eccles- 
Jordan circuit used is 105V, and so the diode 
cathode potential is arranged to be about 110V, 
in this way the source impedance of the drive 
pulses does not affect the operation of the trigger 
stages. In the equipment designed, the biasing 
potential was derived from a cathode-follower 
through which the drive pulses were also fed. 
This scheme allows quite a large stray capacit- 
ance to appear between the diode cathode and 
earth before the pulses are reduced sufficiently 
in amplitude to prevent them from turning the 
Eccles-Jordans over; at the same time it provides 
an easy way of adjusting the diode biasing poten- 
tial. It may be noted in passing that when the 
stage is in the other state of conduction the grid 
to which the drive pulse is applied is at a lower 
potential of 70V and so the diode biasing is still 
satisfactory. 

When the equipment is first switched on, each 
Eccles-Jordan stage may settle down into either 
of its two stable states, i.e. several of the stages 
may be ‘dissimilar’. Consequently, a resetting 
pulse must be applied at the commencement of 
the operation. In practice, a periodic resetting 
pulse is applied each time the ring recycles 
This resetting pulse is applied to the opposite 
grid from which the drive pulse is applied, and, 
as it must bring this valve of each stage into a 
state of conduction, it must be of a positive 
polarity. In the case of the dissimilar stage, how- 
ever, the opposite holds true and the ‘reset’ 
side of the trigger stage must not conduct, To 
achieve this, therefore, the resetting pulse is 
phase reversed and applied as a negative pulse 
to the grid. When the resetting pulse is positive, 
as on 23 stages, the diode, employed for reasons 
given above, must have its anode held at a lower 
potential than the grid to which is is connected. 
The grid potential of a non-conducting valve in 
one of the Eccles-Jordan triggers is 70V and so 
the biasing is set to be about 65V. In the case 
of the one dissimilar stage, the diode is con- 


‘nected in the reverse sense and its cathode, there- 


fore, is connected to a similar biasing potential 
as the drive pulses. 

As can be seen from the foregoing explana- 
tion, the amplitude of the reset and drive 
pulses is not very critical so long as they. 
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exceed the minimum voltage, governed by the extent 
to which the diodes are biased back, and the ability 
to turn the Eccles-Jordan trigger over. On the other 
hand, however, in the case of the positive reset pulse, it 
must not exceed a maximum governed by the potential at 
which grid current commences to flow; otherwise erratic 
action will occur. The width of the pulses is important. The 
resetting pulse must be wider than the ‘feed along’ pulse, 
from stage to stage, as its effect must be felt after all the 
stages that were in the incorrect state have all turned over. 
For a similar reason the drive pulse must be narrower than 
the ‘feed along’ pulse so that its effect ceases to be felt 
before the ‘feed along’ pulse stops. 

Either a positive or a negative square wave is available 
at each stage dependent upon which anode is used as the 





output. To enable low impedance loads to be connected to 
the ring, cathode-followers are used for providing the out- 
puts; these are of the high input impedance type, and so 
there is little loading effect on the ring itself. 

Several ‘rings of 24’ with their associated gates have 
been constructed and have worked reliably for long periods, 
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International Convention and Exhibition 
on Transistors 


The Institution of Electrical Engineers have organized an 
International Convention on Transistors and this will be 
held in the Earls Court Exhibition Hall, London, from 21 
to 27 May; associated with it, and in the same building 
there will be an international scientific exhibition where 
the leading laboratories and manufacturers of the world 
will be displaying their latest developments in the transistor 
field. 

The Convention will be opened by The Rt. Hon. the 
Viscount Hailsham, Q.C., Lord President of the Council, 
following which the opening lectures will be delivered by 
Professor J. Bardeen, Dr. W. H. Brattain and Dr. W. B. 
Shockley. At the subsequent meetings there will be parallel 
sessions which will allow as wide a discussion as possible 
of the many parts of the subjects. 

The Convention will be divided into 23 sessions, 12 of 
them General and 11 Specialist. Apart from the opening 
Session, which will be concerned with world trends in tran- 
sistors and associated semiconductor devices, the Sessions 
will cover: Materials; Basic Theory; Characteristics and 
Their Measurements, and Transistors as a Circuit Element; 
Technology and Design and Manufacture; and Applications 
of Transistors. 

The provisional programme is as follows: 

Thursday, 21 May 
10.30 a.m. Session 1—Opening Session 
12.30 for 1 p.m. Convention Lunch 


2.30 p.m. Session 2—Materials 
6.30 p.m. Cocktail Party at the Institution 
Friday, 22 May 

10.30 a.m. Session 3—Basic Theory 
Specialist Session 4—Materials 

2.30 p.m. Session 5—Characteristics and _ their 
Measurement and Transistors as a 
Circuit Element 
Specialist Session 6—Basic Theory 

5.30 p.m. Session 7—Characteristics and their 


Measurement and Transistors as a 
Circuit Element 
Saturday, 23 May 
10.30 a.m. Specialist Session 8—Applications— 
Line Communication Systems 
Specialist Session 9—Applications— 
Use of Transistors as Computing 
Elements 
Monday, 25 May 


10.30 a.m. Session 10—Characteristics and their 
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Measurement and Transistors as a 
Circuit Element 
Specialist Session 11—Applications~ 
Industrial Applications and Instrumenta- 
tion. 

12.30 for 1 p.m. Convention Lunch 

2.30 p.m. Session 12—Technology and Design and 
Manufacture 
Specialist Session 13—Applications— 
Linear Amplification and Oscillators 

Tuesday, 26 May 


10.30 a.m. Session 14—Technology and Design and 
and Manufacture 
Specialist Session 15—Industrial Appli- 
cations—High-Speed Switching and 
Timing Circuits 
2.30 p.m. Session 16—Applications—Communica- 
tions 
Specialist Session 17— Technology 
(Design) 
5.30 p.m. Session 18—Applications—Switching 
Specialist Session—19—Technology. 
(Manufacture) 
Wednesday, 27 May 
10.30 a.m. Session 20—Applications — Industrial 
Applications 
Specialist Session 21—Transistors as a 
Circuit Element—Circuit Theory 
2.30 p.m. Session 22—Applications—Industrial 


Applications 
Specialist Session 23—Characteristics 
and Measurements 

7 for 7.30 p.m. Convention Dinner at the Connaught 
Rooms 


The exhibition will be essentially scientific in character 
and will cover all aspects of transistors and semiconductor 
devices and their applications. It will be broadly divided into 
three sections to link up with the general divisions of subject 
matter of the convention. The first section will cover Semi- 
conductors, and will be open to firms engaged in the manu- 
facture of transistors and other semi-conductor devices, 
materials and manufacturing techniques. The second section 
will be devoted to Semiconductor Applications and Asso- 
ciated Components. It will be open to firms engaged in the 
manufacture of equipment involving transistors and semi- 
conductor devices and also to those supplying specialist 
components for use in transistorized equipment. The third 
section will be confined to Research Exhibits from industrial 
and commercial research laboratories as well as from 
universities. 
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LETTERS TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Stable Transistor Oscillator Circuits 


DeaR Sir,—I was very interested to 
read Mr. McLeod’s letter in the Decem- 
ber issue describing the use of a series 
LC circuit in a transistor multivibrator 
to obtain a stable sinusoidal output. I 
agree that a circuit of this type can give 
excellent results. 

There is a variation of his circuit 
which involves transferring the series LC 
components from the base to the emitter 
of the second transistor, which is now 
operated as a tuned class-A amplifier. 
Transistor X; remains a squaring ampli- 
fier. Since the emitter input impedance 
can be made about 50Q, higher effective 
Q factors are obtainable. For instance, 
an LA7 Ferroxcube core can be wound 
for an inductance, of 1°36H and a Q of 
40 at Ikc/s. At this frequency its series 
resonant impedance is therefore 200. 
The additional 50Q emitter input im- 
pedance only degrades the working Q to 
32. Using the same inductance at 
2:2kc/s, a working Q of 55 is possible. 


-5OV 
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d for teleph work 


Fig. 1. Oscillator d 





Fig. 1 shows a circuit which was de- 
veloped for telephone work to operate 
from a 50V supply. Up to 10mW out- 
put is obtainable. Alternatively, the 
output transformer may be replaced by 
a 1kQ) resistor, the output being taken 
from the collector of X2 via a coupling 
capacitor, or from a secondary winding 
on the tuning inductance L, provided the 
lowering of working Q can be tolerated. 
The output amplitude is set by RV. 

Tests carried out on this circuit at 
2:2kc/s with L = 02H and C = 0:27uF 
gave results which were almost identical 
to those of Mr. McLeod. The frequency 
drift of —0-01 per cent/°C was found to 
be entirely due to an increase of the 
tuning component values with tempera- 
ture. A 10 per cent reduction in supply 
voltage increased the frequency by 
OSc/s or 0-02 per cent. Changing X2 
from the best to the worst available tran- 
sistor changed the frequency by Sc/s or 
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0:2 per cent. I have no doubt that the 
use of a higher value of tuning induc- 
tance to give a greater working Q 
would have improved this figure. 

The circuit oscillates readily when the 
supply voltage lies between 10 and 70V. 
Between 30 and 70V the output voltage 
is almost proportional to supply voltage. 
It is, of course, possible to redesign the 
circuit to operate at lower supply volt- 
ages. 

Although untried, it appears possible 
with this circuit also to replace the series 
LC circuit with a series mode crystal, 
and obtain a sinusoidal output from the 
transformer in the collector of X2. 

The increased complexity of these cir- 
cuits might be justified by the ability to 
use a smaller value of tuning induc- 
tance for the same frequency and 
stability, and the isolation of the output 
from the frequency determining circuit 
may also prove advantageous in some 
applications. 

The writer wishes to thank the Direc- 
tor of the Central Electricity Research 
Laboratories for permission to publish 
this letter. 

Yours faithfully, 
J. N. PREWETT, 


Central Electricity Research Labora- 
tories, Leatherhead. 


The Correspondent Replies: 


Dear Sir,—With reference to Mr. 
Prewett’s circuit for a series LC oscilla- 
tor, I would agree that this has many 
attractive and useful features, such as the 
choice of sine or square wave outputs 
from the transistor collectors. 

With regard to the circuit Q, however, 
I feel that the total resistance between 
base and emitter of X, should be taken 
into account, as this largely determines 
the oscillatory current input to the class- 
A amplifier. 

The frequency controlling portion of 
the oscillator circuit equation can be ex- 
pressed as 


1 R | 
o = —_—_—s 
LC 47 


where 27/w is the oscillation time per 
cycle, 


ies ey [: epee Mabbiieie (2) 


Expanding binomially and neglecting 
second order terms we have 


Sa 1 
ome ~ 307 cnesepeey (3) 


Equation (3) suggests that from the point 
of view of frequency stability, not much 
is to be gained by circuit Q’s greater than 
about 20, and that reflected reactance is 
a more likely source of trouble. In this 
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respect, transistors operated in an on-off 
condition would appear to be a better 
proposition than class-A operation. 
For series mode crystal operation a 
fair amount of series resistance can be 
tolerated. The graph (Fig. A), taken 
from the manufacturer’s literature on 
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Fig. A. Manufacturer’s graph of series 
resistance against frequency 





o? 


XY flexural crystals, shows the maximum 
series resistance as a function of crystal 
frequency. It is important that the crys- 
tal should work into its correct load to 
prevent spurious mode oscillation. 

With reference to my original note, the 
circuit described is the subject of British 
Patent Application No. 33495: 58. 

In Fig. 1, the “current in tuned cir- 
cuit” waveform should be phase shifted 
180°, 

Yours faithfully, 


D. D. McLeop 
A.W.R.E. Aldermaston. 
REFERENCE 


1. FarrweaTHEeR, D., RicHarps, R. C. Quartz 
Crystals as Oscillators and Resonators (Mar- 
coni Wireless Telegraph Co. Ltd). 


The Physical Realization of an 
Electronic Digital Computer 

Dear Sir,—In the course of studying 
Dr. A. D. Booth’s article in the October, 
1958, issue of ELECTRONIC ENGINEERING 
on input and output arrangements for 
computers, his comments on the low 
speed of solenoids for controlling 
parallel-input teleprinters were noted with 
interest. 

The solenoid form of electromagnet 
has the disadvantage that its armature 
has a relatively large mass associated with 
a small pole area, so that the acceleration 
is low. Further, the armature stroke is 
relatively large, and combined with the 
low acceleration results in a long operat- 
ing time. 

Where it is desired to secure high speed 
operation of an electromagnet, it is appro- 
priate to use a large pole-face area, a 
thin armature and a short stroke, giving 
high force, low inertia, high acceleration 
and low operating time. 

Where the selector member has to be 
moved a long distance at high speed, it 
is not usually advantageous to arrange 
the armature pole-face to move the same 
distance at the same speed, because too 
much of the mechanical energy available 
is dissipated in moving the armature it- 
self. An overall speed gain is usually 
secured if some form of leverage is used 
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to couple a short-stroke armature to a 
long-stroke load, despite the added inertia 
of the lever system. 

It is not correct to suggest that electro- 
magnets of high power are necessarily 
slow. In a teleprinter the electrical signals 
received influence the selector mechanism 
by means of an electromagnet whose 
transit time is of the order of from 1 to 
5msec; the work done is, however, small. 
If the work to be done is 100 times as 
great, it is clear that 100 such electro- 
magnets operating simultaneously on the 
common load will do this work in Smsec, 
and these 100 electromagnets can be com- 
bined to form a single large one. It fol- 
lows that for a large amount of work 
to be done in a short time not only must 
a large electromagnet be used, but it is 
essential to use a large pole-face area and 
a short armature movement. 

The moving-iron type of reciprocating 
motor is perhaps not the best to use for 
this kind of purpose. As magnetic satura- 
tion sets a limit to the force attainable 
for a given structure, full advantage can- 
not be taken of duty cycles having short 
‘on’ and long ‘ off’ periods. The moving- 
coil type of motor is to be preferred for 
this reason. So much development has 
been carried out on loudspeaker driving 
systems that it should be possible now to 
produce a teleprinter selector motor of 
high speed at an economic price and of 
tolerable size. 


Yours faithfully, 
F. P. MASON, 


Creed & Company Limited, 
Croydon. 


The Author Replies: 


Dear Sir,—By and large I agree with 
Mr. Mason’s remarks. His point regard- 
ing the mating of a thin, large area, small 
travel armature with some form of lever 
mechanism to obtain large travel is, of 
course, well known to every designer of 
mechanisms. It is probably more familiar 
to electronic engineers as the problem of 
impedance matching, since there exists a 
unique lever ratio which will produce the 
most rapid effect from a given armature. 
The determination of the optimum arma- 
ture and leverage is, however, a matter 
of some difficulty and we have usually 
evaluated it by experimental methods 
which are themselves complicated by the 
fact that below a certain thickness the 
armature suffers magnetic saturation at 
its centre as it approaches the pole-faces. 
An example of the way in which leverage 
can be of help occurs in the rotary 
solenoid which we use to drive our tape 
reader, the lever in this case being re- 
placed by an inclined plane. The system 
has some of the characteristics which Mr. 
Mason mentions as desirable, specifically 
a large pole-face area, a very small travel 
and a rotary mode of operation. The 
ball bearing system upon which the 
solenoid operates is useful in’ this case 
because it eliminates friction. 

With regard to his suggestion that 100 
small electromagnets operating simul- 
taneously can produce large amounts of 
power, this is indeed quite true and, in 
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principle, one should be able to design 
a large electromagnet to do the same 
thing. The proof of the pudding is, how- 
ever, in the eating and I must confess 
that I have not personally seen an electro- 
magnet of great size and really high 
speed. 
Yours faithfully, 
A. D. Bootu, 


Department of Numerical Automation, 
Birkbeck College, 
London, W.C.1. 


A New Teaching Aid 


Dear Sir,—With reference to your des- 
cription in the February, 1959, issue of 
ELECTRONIC ENGINEERING, of the Ameri- 
can Erec-tronic Educational System, it is 
thought that there might be interest in 
the solution of the same problem which 
has been developed at this Establishment. 





Sub-assemblies and a complete circuit 


As can be seen in the photographs, 
components, valveholders, etc., are per- 
manently wired to spring-loaded terminals 
mounted on panels. The panels are stored 
in drawers adapted for the purpose, and 
component panels are colour coded for 
ready identification. 

To construct a circuit, panels contain- 
ing the required parts are laid out on a 
baseboard. The baseboard is wired so 
that the placing of a valveholder panel 
in position connects the valve heater to 
one or other of two pairs of heater leads. 
This enables separate heater supplies to 
be used in circuits where cathodes are 
operated at significantly different poten- 
tials with respect to earth. Circuits may 
quickly be constructed using any suitable 
wire to link the spring-loaded terminals. 
Changes in circuits are also made easily. 

This system has been in use for about 
ten years, although the use of spring- 
loaded terminals is a more recent inno- 
vation. 

Yours faithfully, 


R. H. JAMES, 


Ministry of Transport 
and Civil Aviation, 
Bletchley. 
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A Microwave Refliectometer Display 
System 

Dear Sir,—Should Messrs. J. C. Dix and 
M. Sherry wish to increase the stability 
of output power in the X-band reflecto- 
meter they describe in ELECTRONIC ENGIN- 
EERING, January, 1959, this can readily be 
achieved by applying the feedback to the 
anode, rather than the grid, of the b.w.o. 

When feedback is applied, it is essen- 
tial that the collector be fed from a low 
impedance source. The appreciable 
changes in beam current that occur will 
distort the output frequency characteris- 
tic. An electronic modulator, which ful- 
fils this requirement, and provides for a 
linear frequency sweep, is the subject of 
an article to be published. 

Messrs. Dix and Sherry rightly stress 
the importance of high directivity. It 
should be pointed out that when measur- 
ing the v.s.w.r. of a component over the 
whole band, even with the excellent coup- 
lers he describes, the inaccuracy increases 
very rapidly at the edges of the band. 
Moreover the ripple which appears makes 
reading extremely difficult. For instance, 
if the square law detector is followed by 
a linear amplifier, given a directivity of 
30dB and a v.s.w.r. of 1:5 the trace will 
swing between approximately +30 per 
cent of its mean value. 

It can be shown that the ripple fre- 
quency, f;, is given by 

6°66] 
i 7 — G1 


cycles per kMc/s of scan 


where / = length of waveguide between 
coupler and test components 
in metres. 
fe = cut-off frequency of wave- 
guide, 
f = output frequency. 


Thus by using sufficient line length /, the 
ripple frequency can be raised to a high 
value such that the incorporation of a 
low-pass filter before the display removes 
the ripple, without losing important in- 
formation from the trace. 

For example, using a line-length of 
2 metres of WG 16 (f- = 6:55kMc/s), and 
a 10msec scan (i.e. 400kMc/s/s) the fre- 
quency is 6°5kc/s at 11-SkMc/s and 
llkc/s at 7-5kMc/s, and this can be re- 
moved by a low-pass filter cutting off at 
6°5kc/s. The introduction of this filter 
will of course remove any detail which 
occurs in a time that is less than 1-8 per 
cent of the total scan. The resolution can 
be further improved by increasing the 
line-length, but apart from being cumber- 
some, errors will eventually be introduced 
by the line-loss. 

There is also an error introduced if the 
output from the square-law detector is 
averaged without square-rooting before- 
hand. This error is approximately (D/py 
where D is the directivity and p the re- 
flection coefficient. With 30dB directivity 
and a v.s.w.r. of 1:5 this is about 2:5 per 
cent. 

The derivation of equation (1) is as 
follows : 

Peaks occur when 2//A, is an integer (n) 


(n/21° = (1/Ag? = (1/4? — (1/Ae}* 


MAY 1959 








Display 


Dix and 
stability 
reflecto- 
ENGIN- 
adily be 
¢ to the 
> b.w.o. 
; essen- 
1 a low 
reciable 
ur will 
‘acteris- 
ch ful- 
s for a 
ject of 


y stress 
jity. It 
neasur- 
ver the 
t coup- 
creases 
- band, 
makes 
stance, 
wed by 
vity of 
ce will 
30 per 


le fre- 


. (Il) 


yf scan 


etween 
onents 


wave- 


I, the 
a high 
| of a 
moves 
nt in- 


th of 
3), and 
ie fre- 
; and 
be re- 
off at 

filter 
which 
‘8 per 
m can 
g the 
mber- 
duced 


if the 
tor is 
efore- 
‘D/py 
1e re- 
tivity 
‘S per 


is as 
er (n) 


ey 


1959 





= (f/cf — (fe/eP 
Jon = fle /0l-(¢/ff) 
1 
and dn/df = 2I/c VU — Gli 
cycles per cycle of scan. 
where Ag = guide wavelength 
Ac = cut-off wavelength 
fe = cut-off frequency 
cz=sax 
Substituting for c and expressing / in 
metres and f, in cycles per kMc/s gives 
equation (1). 
Yours faithfully, 
G. M. CLARKE, 
R. D. ROOKEs, 
Ferranti Ltd. 


The Authors Reply : 

DEAR SirR,—We thank Messrs. Clarke 
and Rookes for bringing to our attention 
the various points regarding reflectometer 
design detailed in their letter. 

In reply we would point out that :— 
(1) We used grid rather than anode feed- 
back to avoid having to provide a low 
impedance driving stage. Although the 
power requirements at X-band are not 
high they may prove more troublesome 
when using the lower frequency b.w.o.’s 
where the anode takes considerably more 
current. 

(2) We are aware of the necessity of feed- 
ing the line (collector) from a low im- 
pedance source. This was one of the 
reasons for deriving the scan voltage 
from the mains supply. A small amount 
of f.m. does take place as a result of feed- 
back but this does not appreciably affect 
the performance of the instrument when 
used on the wide band displays. 

(3) The method of overcoming the ripple 
due to imperfect directivity is ingenious 
and would be useful in some cases. From 
the point of view of a general purpose 
instrument it has, however, the follow- 
ing disadvantages :— 

(a) The filter necessary is dependent on 

the width of scan. 

(b) Loss of detail results and this could 

quite easily obscure the detection of 
an unwanted sharp resonance. 


Your faithfully, 
J. C. Dix and M. SHERRY. 


Research Laboratories, 
The General Electric Company Limited, 
Wembley. 


Multivibrator Circuit Using PNP 
and NPN Junction Transistors 


Dear Sir,—In some of the past issues 
of ELECTRONIC ENGINEERING’?*** the 
problem of obtaining sharp waveforms 
at the collectors of a transistor multi- 
vibrator circuit was fully dealt with, in- 
cluding some different solutions concern- 
ing the reduction of the integrating effect 
of the cross-coupling capacitors. 

In further consideration of this problem 
the circuit is greatly improved by the use 
of combined pnp and npn junction tran- 
Sistors arranged as shown in Fig. 1. The 
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Fig. 1. Multivibrator circuit using pnp and npa 
junction transistors 


main advantages of this arrangement are 
low output impedance and small power 
consumption. It consists of the com- 
bination of two pairs of complementary 
transistors (X:X:, pnp type, X;X., npn 
type). Simultaneously either both X; and 
X, or X: and X; are conducting. The 
bases and collectors are cross-coupled 
through four timing capacitors. The base 
resistors Ri and R, are connected to the 
negative and R; and R, to the positive 
pole of the battery. The collector resistors 
Ry, may exist or not. The configuration 
leads to a fast rise and decay time as the 
discharge of the coupling capacitors now 
takes place through the low impedance 
paths of ‘on ’-going transistors when re- 
generative action occurs but not through 





Fig. 2. Waveforms of the circuit (Fig. 1) 


(a) Collectors X,X, unloaded; (b) Collectors X,X, 
capacitively loaded with C = 30pF; (c) Base X,; 
(d) Base X,; X,X,—OC44; X,X,—2 N168A; 
Ry 234 = 120kQ; C,.34 = 10pF; R, = infinite; 
""'E. = 12V; Ipota, = 0-8mA; f = 2kels 


total 


Fig. 3. Miultivibrator circuit with collector 
isolating diodes 
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collector resistors Ry as was the case of 
the basic multivibrator circuit. 

Very low static and dynamic output 
impedance of the collector terminals 
enables a small number of low input im- 
pedance circuits to be driven with no 
appreciable change in the waveform 
characteristics. This feature of the circuit 
is illustrated in waveforms (a) and (b) of 
Fig. 2. In comparison the multivibrator 
circuit with collector isolating diodes’, 





Fig. 4. Collector a of the circuit shown 
in Fig. 


(a) Collectors unloaded; (b) Collectors capacitively 
loaded with C = 30pF; frequency = 2ke/s 


shown in Fig. 3, gives a rectangular out- 
put under no load conditions (Fig. 4(a) 
but with capacitive loading the effect is 
shown in Fig. 4(b). 

If it is desired to take the output from 
one pair of collectors in circuit Fig. 1, 
any one transistor may be replaced with 
a resistor, thus reducing the number of 
transistors used from four to three, with- 
out any change in the output waveform 
characteristics. 

The circuit in Fig. 1 can be made 
monostable by replacing one a.c. coupling 
between collectors and bases with d.c. 
coupling. 

Yours faithfully, 
D. T. JOVANOVIC, 


Department d’Electronique, 
Centre d’Etudes Nucléaires de Saclay, 
France. 
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Correction : 

In the ‘ Letter to the Editor ’ ‘ Response 
of a Capacitance-Resistance Divider’ by 
R. H. Evans on page 232 of the April 
issue, the following error occurred: 

In the line 

Ve(t) = k (1 — ae-*”) 
the last part should read e~‘/”. In equa- 
tion (2), the form e~‘*/” should be 
e~ (t-a)/v, 

The second line of ‘The Author 
Replies’ should read divider response, 
not divided response. 
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BOOK REVIEWS 


Electronic Apparatus for Biological 
Research 


P. E. K. Donaldson and contributors. 718 pp. 

figs. Royal 8vo. Academic Press Inc., New 

York. Butterworths Scientific Publications, Lon- 
don. 1958. Os. 


N his preface, Mr. Donaldson states 
that he has emphasized techniques, 
and largely left the spotting of applica- 
tions to the reader. Since there are com- 
paratively few electronic techniques, it is 
more efficient to explain these systematic- 
ally rather than survey the whole extent 
of biological research and describe the 
appropriate apparatus under each head- 
ing. In adopting this plan, the author has 
divided the book into four parts: (I) 
Theory (282 pp.); (II) Practice (50 pp.); 
(III) Transducers, Electrodes & Indicators 
(252 pp.); and (IV) Complete Apparatus 
(126 pp.). 

The first section provides a concise 
introduction to electronics, requiring only 
an understanding of algebra and simple 
differential equations. Much of little 
interest to biological workers has been 
omitted by concentrating mainly on fre- 
quencies- from the audio range down to 
d.c. Starting with ideal generators and 
Ohm’s Law, networks, a.c. theory and 
filters are clearly explained. After develop- 
ing the elementary theories of valve and 
rectifier operation, numbers of basic cir- 
cuits are studied with a healthy emphasis 
on design considerations and working 
limits. In succeeding chapters ‘ functional 
units’ are discussed, including the stages 
required for balanced d.c. amplifiers, 
tuned amplifiers and waveform genera- 
tors. The importance of feedback is 
stressed throughout, The text is supple- 
mented by clearly drawn graphs, many 
of which are usable for design purposes 
as they are plotted in non-dimensional or 
generalized units. This application may 
have been the reason for grouping them 
together at the end of Part I, but this 
arrangement is very inconvenient when 
the book is being read systematically, 
especially as graph numbers are quoted 
without reference to the page. On pages 
81 and 82 some graph numbers are given 
incorrectly. 

In the practical section, common elec- 
tronic components are described and 
their uses and limitations discussed. 
Battery economics are treated fully since 
much electrophysiological apparatus is 
not easily mains operated. The semi- 
empirical design and construction of 
chokes and transformers using Ferrox- 
cube is also covered in some detail. This 
part closes with suggestions for chassis 
design, layout and wiring. The plates 
illustrating components are well produced 
and informative. 

Part III, except for the author’s chapter 
on Visual Indicators, is written by 
specialist contributors. Some unevenness 
of treatment is inevitable, but this is off- 
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set by the advantages of authoritative des- 
criptions. There are chapters covering 
the control and measurement of tempera- 
ture, humidity and light; the assay of 
radioactivity; electromechanical  trans- 
ducers; relays; and various biological 
electrodes. There is insufficient space .to 
consider these subjects in detail, but Dr. 
K. E. Machin’s treatment of transducers 
using electrical analogues is particularly 
successful, since he is able to refer to the 
graphs in Part I. The correct matching 
of mechanical and electrical impedances 
is often overlooked in planning experi- 
ments, and it is hoped that this chapter 
will prevent such mistakes, All the con- 
tributors to this section provide useful 
reference lists; that given by Dr. D. W. 
Kennard on microelectrode technique 
being especially comprehensive. Some 
photographs in this part of the book are 
reproduced rather badly. 

In the fourth part, the author deals 
with complete apparatus, and gives a 
number of practical circuits with com- 
ponent values. Subjects covered include 
stabilized power supplies, timers, count- 
ers, reduction of interference, fault diag- 
nosis and design procedure. A chapter on 
stimulators includes a useful discussion 
on stimulus artifact and its relation to 
the preparation-input equivalent circuit. 
As was expected, more space is allotted 
to biological amplifiers than to other cir- 
cuits, but their importance could justify 
more than the 22 pages given. The five- 
page chapter on recording methods is 
also disappointingly short. Tape systems 
with responses from d.c. towards 10kc/s 
are becoming essential for experiments 
requiring resolution of random transients 
during prolonged recording. In this appli- 
cation photographic methods become un- 
economical. This development is treated 
very briefly despite the author’s work on 
the problem. The final chapter is referred 
to as a ‘stop press’ item, It concerns 
transistors, which are but slowly pene- 
trating into this field, retarded by their 
past and present shortcomings. In the 
course of 33 pages one is led from simple 
description to complete circuits, most of 
this space being devoted to equivalent 
circuits and the chaotic multitude of tran- 
sistor parameters. 

The author has achieved his aim in 
producing a readable text book and work 
of reference in one volume. The biologist 
new to electronics will certainly find this 
the ideal combination, but others familiar 
with basic electronic theory may object 
to paying a high price for surplus in- 
formation, however well written. A divi- 
sion into two volumes with extra space 
devoted to usable circuits might have 
been the better solution. However, as 
Professor Sir Bryan Matthews says in his 
foreword, “. . . this book will be valuable 
both to the beginner entering this field, 
and also to the more experienced, for its 
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comprehensiveness makes it a reference 
work of electronics in biology”. 


A. S. VELATE 


Transistor Technology, Volume III 

it . J. Biondi. q 
oe De vee ieee co Lae 1958. Price” ‘94s, 

HIS book is the third of a series of 

three volumes which deal with semi- 
conductor technology and devices. The 
volume is in four parts covering the 
preparation of p-n junctions, fabrication 
technology, measurement of the para- 
meters of materials and devices and tran- 
sistor reliability. 

Part I—Preparation of Junction Struc- 
tures—has three chapters which deal 
with the two fundamental processes— 
freezing and diffusion—which are used 
to control the impurity distribution in 
silicon and germanium. The use of 
crystal growing, alloying and diffusion 
techniques to form p-n junctions is dis- 
cussed in detail. 

Part II—Fabrication Technology— 
occupying about half the volume, is 
concerned with the chemical processing 
of materials and devices, techniques for 
making ohmic contacts, alloying and 
diffusion techniques for fabricating diodes 
and transistors in both germanium and 
silicon, diffused base germanium tran- 
sistors and diffused emitter and base 
silicon transistors. 

Part I11I—Measurement and Characteri- 
zation—deals with methods for the deter- 
mination of volume life times and sur- 
face recombination velocity in materials 
and with the measurement of the elec- 
trical parameters of transistors. 

Part IV—Transistor Reliability—dis- 
cusses the effects of temperature, shock 
and ageing effects on the life of tran- 
sistors and gives an analysis of failures 
of different types of transistors in field 
equipment. 

Appendix I gives the list and defini- 
tion of semiconductor terms which was 
published in the Proceedings of the 
I.R.E. in 1954, while Appendix II gives 
the I.R.E. Standard Letter Symbols pub- 
lished in 1956. 

Much of the material included in this 
volume is new. The detailed information 
given on device fabrication techniques, 
particularly that on diffusion, will make 
the book of inestimable value for many 
years to every engineer or physicist con- 
cerned with semiconductor devices. 


E. G. JAMES 


The Theory of the Potential 


By W. D. MacMillan, 465 pp. 112 figs. Demy 
8vo. Dover Publications Inc., New York. 1959. 
Price $2.25. 


_ physicists and mathematicians 
will find this book a useful presenta- 
tion of the theory of the potential. Only 
reasonable mathematical proficiency is 
assumed and all mathematical theorems 
are fully developed as they become 
necessary. The mathematical material is 
treated in extensive detail, covering gravi- 
tational mechanics as well as electro- 
statics and magnetostatics. Problems are 
included at the end of the chapters. 
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Free Radicals as Studied by 


Electron Spin Resonance 


By D. J. E. Ingram. 274 pp. 66 figs. Demy 8vo. 
Butterworths Scientific Publications. 1958. Price 
50s. 


FREE radical is defined by the 

author as ‘a molecule, or part of a 
molecule, in which the normal chemical 
binding has been modified so that an 
unpaired electron is left associated with 
the system’. The presence of free 
radicals is shown by the occurrence of 
a high chemical reactivity and by a 
magnetic moment due to the uncompen- 
sated spin motion of the odd electron. 
The first of thése properties is obviously 
of great interest to chemists, while the 
second provides the possibility of detect- 
ing relatively small numbers of free 
radicals. The most powerful method for 
this is to place a sample of the material 
in a microwave resonant cavity and to 
apply a static magnetic field. The absorp- 
tion of energy in the cavity shows a 
marked increase when the magnetic field 
has an appropriate value. The shape of 
the resonance curve, displaying absorp- 
tion against magnetic field can provide 
very detailed information about the 
internal structure of the sample. This 
book provides a comprehensive account 
of the techniques used in this work and 
of the ways in which the results may be 
interpreted. 

The description of the microwave 
equipment is directed towards the reader 
who has no previous knowledge of the 
subject and provides a complete des- 
cription of all the components and elec- 
tronic circuits needed. This should prove 
extremely useful to workers entering this 
field. A chapter on the theory of the 
shapes of the resonance curves assumes 
a good knowledge of quantum theory. 
The remainder of the book discusses in 
detail results which have been obtained 
by the resonance method for stable-free 
radicals, and for free radicals produced 
by irradiation, polymerization and pyro- 
lysis. The use of the methods in bio- 
logical and medical work is summarized 
in the final chapter. 

It is obvious from the contents that 
this book is of most use for the physi- 
cist, biologist or medical worker who is 
anticipating the use of the electron 
resonance method or who is concerned 
with the results which have been already 
obtained. Such readers will find that it 
serves their purpose admirably. It can 
also be recommended for more casual 
reading to the inquisitive microwave 
engineer, who is interested in knowing 
to what uses his waveguides and 
resonators can be put. 

J. BROWN 


Advances in Electronics and 
Electron Physics, Volume X 


Edited by L. Marton. 320 pp. 80 figs. Demy 8vo. 
Academic Press, ey York, London. 1958. 


} ge years have now passed since this 
authoritative series began to appear. 
The cumulative subject index which forms 
a useful appendix to the present volume 
indicates that few aspects of electronics 
have escaped discussion; but there seems 
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no reason to doubt that at current rates 
of progress the series will find plenty of 
new material, and of appreciative readers, 
for its next decade. 

Both electron and microwave ‘optics’ 
are represented, the first in a basic theo- 
retical analysis, by W. G. Dow, of mag- 
netic focusing as avplied to non-uniform 
beams for which Brillouin flow cannot 
be assumed. Here the notions of ordin- 
ary optics are of little assistance. By 
contrast, J. Brown’s treatment of micro- 
wave optics is concerned to indicate the 
wealth of optical theory which can be 
transferred ready-made to the microwave 
field. The advantages are mutual, for 
many optical-type experiments—e.g. on 
the system of the eye—are more con- 
veniently carried out on scaled-up micro- 
wave models. 

Because of their purity, modern semi- 
conductor crystals offer unusually at- 
tractive material for the study of the solid 
state. E. Billig and P. J. Holmes pre- 
sent a valuable summary of work on the 
mechanical and other effects of residual 
imperfections in such materials, destined 
doubtless to have implications for elec- 
tronics as well as for fundamental phy- 
sics. 

The Logical Organization of Comput- 
ers is not specifically an electronic prob- 
lem, but electronic engineers will find 
both stimulus and food for thought in 
W. J. Lawless’s relatively brief review. 
E. G. Rowe’s discussion of valve relia- 
bility will certainly be of interest to com- 
puter designers and many others. 

The volume ends with a welcome sur- 
vey of post-war developments in c.r. 
oscillography, by one well-qualified to 
evaluate them, Dr. Jack E. Day. Both 
circuit and tube design are covered, with 
some practical data on special compon- 
ents, and the section on new techniques 
developed for u.h.f. oscillography is of 
special interest. 

Perhaps little is lost by the fact that 
the survey covers mainly American pub- 
lications, though (if it is not indelicate 
to say so) the present reviewer was sur- 
prised to find an American reference of 
1949 as the earliest given on ov. 253 for 
the war-time suggestion of a distributed- 
plate defiexion system (published here 
in Proc. Phys. Soc., L. C., LX1, p. 242, 
1948). 

A 7-page subject index and an author 
index much enhances the value of this 
stimulating work. 

D. M. MacKay 


The Elements of Non-Euclidean 
Geometry 


By D. M. Y. Sommerville. 267 pp. 129 figs. 
Demy 8vo. Dover Publications Inc., New York. 
1959. Price $1.50. 


Alaa this is essentially an ele- 
mentary book, the author deals with 
such important and difficult subjects as 
the relation between parataxy and paral- 
lelism, the pseudosphere, the absolute 
measure, and geodesic representation as 
well as others, in a manner which can be 
easily understood. For the benefit of the 
student, there are 126 problems at chap- 
ter endings. 
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* A NEW JOHN WILEY BOOK * 


NOISE 
IN ELECTRON 
DEVICES 
Edited by 


L. D. Smullin 
and 
H. A. Haus 


Associate Professors 
of Electrical Engineering 
Massachusetts Inst. of Technology 


The seven contributors to this book 
present, between them, the most 
modern points of view regarding 
cathode noise phenomena, signal 
amplification in microwave tubes, 
solid-state noise, and methods of 
designing low-noise tubes. 





428 pages Illustrated 96s. net 
EE 


37 ESSEX STREET, LONDON, w.C.2 





Guide to the Literature of 
Mathematics and Physics including 
Related Works on Engineering 
Science 


By N. G. Parke III. 436 pp. Demy 8vo. 2nd 
Edition. Dover Publications &. 1959. Price $2.49. 


HIS book includes an up-to-date list- 

ing of agencies and individuals who 
are engaged in Russian translation pro- 
grammes. The guide lists more than 5 500 
key works under 120 subject headings 
such as Projective Geometry, Geometric 
Optics, and Cosmic Rays. Whenever a 
foreign language title appears, any trans- 
lations are also listed. If there is no 
English translation of a Russian work, 
for example, the guide will mention if 
there is one in German. 


Kempe’s Engineers’ Year Book 1958 


3 000 . Crown 8vo. (Two volumes in case). 
64th Edition. Morgan Bros. (Publishers) Ltd. 
Price 82s. 6d. 


ACH year, every chapter of this year 

book receives the close attention of 
an eminent authority, thus ensuring that 
the contents are kept up to date. In this 
latest edition four chapters have been 
rewritten and valuable additions have 
been made to no less than 24 other chap- 
ters while all have been revised where 
necessary. 

The seventy-nine chapters cover prac- 
tically every branch of engineering. A 
comprehensive index, with more than 
17 000 entries, makes reference quick and 
easy, while most chapters include a 
bibliography giving a list of standard 
works on the subject. 
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ELECTRONIC EQUIPMENT 





A description, compiled from information supplied by the manufacturers, of new components, 


accessories and test instruments. 


(Voir page 309 pour la traduction francais: Deutsche Ubersetzung Seite 314) 


PEAK VOLTMETER 
(illustrated below) 


Wayne Kerr Laboratories Ltd, Chessington. 
urrey 


The Wayne Kerr Laboratories in col- 
laboration with the United Kingdom 
Atomic Energy Authorities have devel- 
oped a S50kV peak voltmeter for the 
measurement of single or repetitive pulses 
of lysec duration or greater. The in- 
coming pulse is applied to a voltage 
dividing capacitor network with a ratio 
of 50:1 and the voltage across the larger 
capacitor is measured by means of a 0 to 
1kV electrostatic meter. A level restor- 
ing diode shunts the meter to allow repe- 
titive pulses to be measured. The 
indicated pulse slowly discharges through 
an insulation resistance of greater than 





10*°2, the measuring circuit being her- 
meticaliy sealed to maintain this figure. 
Discharge can be obtained by pressing 
a button of the front panel which 
operates a relay within the sealed com- 
partment. 

Two ranges are readily available, 10kV 
to SOkV and S5kV to 25kV. The accuracy 
of measurement is better than +5 per 
cent using calibration curves supplied 
showing initial calibration to irradiated 
sphere gap to B.S. 358. 

EE 9751 for further details 


CABLE TESTER 
(Illustrated above right) 
Tyser & Co. Ltd, Merrow, Guildford, Surrey 

A new instrument, able to give high- 
speed detection of faults in cables, has 
been developed and put into production 
by Tyser and Co. Ltd, successor to 
P.A.M. Ltd in the Southern Areas Elec- 
tric Corporation. 

It is known as the Perram cable tester, 
indicator and recorder, and its function 
is to detect faults in the cover insulation 
of cables during manufacture. It offers 
a non-destructive method of assessing 
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the quality of the insulation of cables, 
which can be graded accordingly. 

It comprises a non-lethal high voltage 
d.c. generator, with a continuously ad- 
justable output between 4 to 20 kV, d.c.. 
a high speed eiectromagnetic counter, an 
alarm indicator employing a lamp and 
bell, and an automatic overload protec- 
tion circuit. 

The high voltage output is applied to a 
small ring electrode used for examining 
the cable insulation; when a fault or break 
in the insulation is detected the resulting 
voltage discharge is registered by the 
counter. 

When a fault is located, the alarm sys- 
tem operates for a minimum period of 
4sec, giving visible and audible warning. 
A close succession of faults will always 
be recorded on the counter, even if the 
alarm system will not fotlow the speed of 
repetition. 

For a sustained fault, an automatic 
overioad protection circuit comes into 
operation switching off the high voltage 
generator, and keeping the alarm indica- 
tors working until the ecperator resets the 
instrument to normal. 

The circuit permits a very high-speed 
of operation, and a fault recognition time 
as short as Imsec will be recorded by the 
instrument, this allows a cable speed of 
3 000ft/min, even when using a _ very 
short ring electrode. 

EE 9752 for further details 


TRANSIENT STORAGE 
OSCILLOSCOPE 
(Illustrated above right) 


A. E. Cawkell, Electronics Ltd, 6-8 Victory 
Arcade, Southall, Middlesex 


Known as the ‘Remscope’ this unit 
greatly extends the range of measurements 





THE 
TRANSISTOR EXHIBITION 


* Electronic Engineering’ will 
occupy Stand No. 73 at the Tran- 
sistor Exhibition at Earls Court 
from 21 to 27 May. Full details 
of the exhibits are not yet available 
and cannot, therefore, be included 
in this issue. A review of the 
exhibition will, however, be given 
in a subsequent issue. 
















and observations possible without re- 
course to photographic recording. 

Previous storage oscilloscopes made by 
Cawkell’s have used the American 
‘Memotron’ cathode-ray tube and their 
performance has been limited by the rela- 
tively slow response of that tube. Now, 
with the advent of the English Electric 
type E702 storage and display tube, this 
limitation no longer applies and the 
*Remscope’ has been designed to make 
the fullest use of the tube. 

The E702 tube, contains a storage sys- 
tem which allows a transient to be stored 
for up to a week and displayed for a 
limited period during that week. In the 
‘Remscope’ this display time (which may 
be taken piece-meal) exceeds 15 minutes 











and may, on all but the fastest signals, be 
extended to nearly 2 hours. Some slight 
reduction of brightness occurs on the 
longest display times but an adequate dis- 
play is still obtained. In order that the 
maximum use may be made of the stored 
image, the display may be left off until 
required (storage oniy occurring) or may 
be switched or automatically when a 
signal is received. 

The persistence of the display can be 
varied from a few seconds up to 15min. 
This facility is particularly useful when 
comparing one event from a series with 
its predecessor. By adjusting the persist- 
ence the first signal can be made to fade 
as the third appears and so on, Varying 
the setting will allow other sequencies to 
be produced. 

Erasure is rapid and may be obtained 
by depressing an internal press-button or 
making an external circuit. An external 
erase timer, allowing the signal to be 
removed after a pre-set interval, will be 
available. 

Initially a single-channel wide-band Y 
amplifier with differential d.c. inputs will 
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be fitted. To enable it to be replaced by 
different units in the future this amplifier 
is of a plug-in type. 

As the oscilloscope is intended prim- 
arily for the study of transient signals 
great care has been taken to ensure relia- 
ble and easy triggering. A.C. or d.c, sig- 
nals may be used to start the time-base 
and starting is automatic once the input 
potential exceeds a pre-set level. 

Apart from those enumerated above all 
the standard facilities expected of a high 
grade oscilloscope are incorporated. The 
time-base covers a wide range of veloci- 
ties from 3cm/susec to O-lem/sec and a 
five times expansion is possible by means 
of the X amplifier. The Y amplifier has 
a rise-time of 0-15usec but is also pro- 
vided with a high-gain narrow-band 
operating condition. Both amplifiers and 
the triggering circuits are direct-coupled 
throughout. Crystal-controlled time 
markers are provided for calibrating the 
time-base and they are clamped accu- 
rately to provide a voltage standard. The 
voltage measuring accuracy is +1 per 
cent. Stabilized h.t. and heater supplies 
ensure the minimum of drift. 

EE 9753 for further details 





HIGH SPEED FLASH TUBES 


(Illustrated above) 
Ferranti Ltd, Hollinwood, Manchester, 
Lancashire 

A new range of high-speed cathode-ray 
flash tubes which produce a flash of the 
same order of intensity as a gas-filled 
electronic flash tube, such as is used in 
photography, has been introduced by the 
Electronics Department of Ferranti Ltd. 

These tubes known as the CL60 and 
CL70 series light up all over simul- 
taneously in contrast to the normal 
behaviour of the cathode-ray tube, and 
have the additional advantage that 
flashes can be repeated much more 
rapidly. Flashes of up to one million per 
second are obtainable. It is also possible 


- to produce long flashes, and flashes which 


contain an internal fine structure consist- 
ing of a multiplicity of smaller flashes. 

There are three different types of tube 
currently available. The CL60 series are 
triodes, 34in in diameter, the CL70 series 
are miniaturized, lin in diameter, and the 
CLI series are diodes, 6in in diameter. 
Tubes can be made with phosphors of 
all colours including ultra-violet and 
infra-red. It is also possible to produce 
‘white’ light free from the spectral line 
structure associated with gas-discharge 
lamps and extending over specified spec- 
tral ranges. 


EE 9754 for further details 
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WIRE CONTACT RELAYS 


(Illustrated above) 


Woden Transformer Co. Ltd, Moxley Road, 
Bilston, Staffordshire 


The Woden-T.S.P. wire contact relay 
has been introduced to meet the needs 
for a high speed multi-pole reiay in com- 
puter and general control engineering 
fields 

In basic form it is a plug-in relay de- 
signed for use in individual or multi- 
holders which can be soldered directly or 
used with a quick release plug. 

The basic unit is a 4-pole changeover 
relay with twin wire contacts which are 
readily interchangeable. The unit and 
all fixed contacts are in a single piece 
moulding of high dielectric strength 
material. All fixed contacts are of silver 
alloy. 

The design of the relay is such that 
high speed operation is obtainable with 
operating and release times down to 
3msec. This type of relay may be used 
for general applications. but finds parti- 
cular use in computer and video switch- 
ing circuits, the low capacitance between 
contacts being particularly helpful. 

The unit has an expected contact life 
of 3000000 operations and the range of 
contact life can be considerably extended 
by the use of quenching circuits or use 
at lower ratings. 

The standard 4-pole unit is dimensioned 
approximately as follows:—Ijin x in 
x 14in; 6 and 12-pole units are also 
available. 

The relays are suitable for use in maxi- 
mum ambient temperatures of 50°C. 

EE 9755 for further details 


MULTI-OCTAVE A.F. FILTER 


(llustrated below) 


Peekel, Laboratorium Voor Electronics N.V. 
Alblasstraat 1, Rotterdam 8, Holland 


This filter enables an arbitrary fre- 
quency characteristic to be obtained in 





the audio frequency range. The fre- 
quency range is 30c/s to 16kc/s and it is 
divided into narrow bands by means of 
eight filters, the action of which can be 
regulated individually by means of 
attenuators calibrated in decibels. The 
attenuators are designed in such a way 
that the position of each one may be 
read on a vertical scale and they are 
arranged so as to form a system of co- 
ordinates with the frequency as abscissa 
and the attenuation as ordinates; the 
position of the eight attenuators thus 
showing at a _ glance the frequency 
characteristic obtained. 

The average gradient of each filter is 
30dB/octave and each filter can be 
adjusted between 0 and —55dB in steps 
of —2-S5dB. When all the filters are 
adjusted to the same level a linear fre- 
quency characteristic is obtained between 
30c/s and 16kc/s; when the attenuators 
are at the OdB position the unit acts as 
an amplifier with unity gain. 

The input and output impedance of 
the multi-octave filter is 2002 and the 
normal voltage which may be applied to 
the input is 1V. 

EE 9756 for further details 
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VALVE-VOLTMETER 
(Illustrated above) 
Briiel and Kjzr, Nerum, Denmark 

The new electronic voltmeter type 2409, 
developed by Bruel and Kjaer, can be 
used for ali kinds of voltage measure- 
ments in the frequency range 2c/s to 
200kc/s and within the voltage range 
from about ImV to 1kV. It has two 
voltage scales with full-scale deflexion for 
10V and 31-5V respectively. For mea- 
surements of amplification or attenua- 
tion ratios, a decibel scale is provided. 
When the decibel scale is used in con- 
nexion with the calibrated attenuator, any 
voltage measured may be read directly in 
decibels relative to 1V. 

Furthermore, a dBm scale is supplied 
for measurements on_a.f.-transmission 
lines, telephone lines, etc. The reference 
value is 0°775V corresponding to 1mW 
in 6000. 

A feature of the instrument is its capa- 
bility of measuring the peak, the arith- 
metic average and the true r.m.s. value 
of the input signal. 

In order to enable easy, and accurate 
meter readings for both high and low 
frequency signals, two different meter 
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damping characteristics can be selected. 
One of these is in accordance with the 
standard V.U.-measurements. The second 
damping characteristic is used to obtain a 
steady deflexion of the meter pointer 
when measuring low frequency signals. 
By means of the output jack the instru- 
ment can be used as a calibrated ampli- 
fier, featuring a low output impedance 
and a maximum amplification of 60dB 
variable in steps of 10dB. 
EE 9757 for further details 


GENERAL PURPOSE OSCILLOSCOPE 
(illustrated below) 


Erskine Laboratories Ltd, Scalby, Scarborough, 
orkshire 


The Erskine type 5 oscilloscope is a 
general purpose instrument for the 
observation of waveforms and their time 
and amplitude measurements. 

It is light and compact yet adequately 
ventilated and component accessibility is 
extremely good. 

The cathode-ray tube (four anode type) 
is positioned horizontally and is viewed 
through a 45° mirror. This arrangement 
has advantages. It allows a viewing hood 
to be confined within the overall cover 
dimensions. It allows a better functional 
lay-out of internal circuits, the front 





panel does not become cramped with 
controls and the depth of the instrument 
is no longer dictated by the c.r.t. 

All the necessary input and output con- 
nexions are arranged along the bottom 
edge of the front panel, and positioned 
adjacent to their associated controls. A 
full length compartment for connector 
stowage is provided immediately below 
the panel. This also serves as a convec- 
tion air inlet for ventilation, the neces- 
sary outlet being over the top of the 
panel, which is sloped, the top edge 
finishing behind and below the top edge 
of the dust cover. 

The oscilloscope has a stabilized h.t. 
supply which allows a direct reading 
against calibrated graticules regardless of 
supply fluctuations. A delay circuit allows 
any part of a repetitive waveform to be 
viewed up to 20msec from the syn- 
chronizing edge. The time-base has nine 
preset speeds between 3usec and 30msec. 
The X-plate sensitivity is 30V/cm and 
the Y-plate sensitivity is 45V/cm; the Y 
amplifier has a bandwidth of from d.c. 
to 4Mc/s and a gain of 100. 

EE 9758 for further details 


MINIATURE POT CORE ASSEMBLIES 
(Illustrated above right) 


Neosid Ltd, Stonehills House, Welwyn Garden 
City, Hertfordshire 


This assembly which is enclosed by a 
tin square can has been developed for 
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transistor circuits, in particular where 
printed circuits are employed. The tag 
arrangement on the base complies with 
the B.S.I. recommendations for printed 
circuits. The can earthing clips perform 
the dual function of earthing and reten- 
tion of the whole assembly. A rubber 
compression pad maintains pressure 
against the mating surfaces of the pot 
cores and inductance adjustment is 
obtained by a 4mm screw core. The 
components are all selected to operate 
under tropical conditions without de- 
terioration of performance. 

The construction permits multi wind- 
ing techniques to be employed and sub- 
assembly to be carried out separately. 
The bending over of tags prior to dip 
soldering is facilitated by careful atten- 
tion to detail and hot tin dipped tags are 
used to establish good soldering tech- 
niques. 

The cores can be supplied in several 
grades of ferrite according to require- 
ments, dictated by inductance required 
and frequency of operation. Q’s of 200 
are readily obtainable at the lower fre- 
quencies and at 20Mc/s Q’s of 100 can 
be obtained. Work is being carried out 
with the object of improving the highest 
frequency Q’s. The pot cores have been 
used up to 40Mc/s. 

The low frequency assemblies can be 
wound to give 11mH inductance up to 
4Mc/s with correspondingly less as the 
material permeability is reduced for 
higher frequency performance. 

The temperature coefficient of per- 
meability can be made for the assembly 
less than 100 parts in 10°/°C. 


EE 9759 for further details 


DIODE TESTER 


(Illustrated below) 


R. E. Thompson & Co. (Instruments) Ltd, 
Hersham Trading Estate, Walton-on-Thames, 
Surrey 
This instrument covers current ranges 
from 50uA to 5A and voltages from 3V 
to 1:2kV. Current and voltage can be 
read simultaneously on separate meters. 
All semiconductor diodes, including 
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Zener types, can be fully tested as the 
ranges are operative for both forward 
and reverse characteristics. A forward- 
reverse switch reverses the polarity of 
the output. 

A four position range switch controls 
both the current and voltage to the out- 
put terminals and also adjusts the appro- 
priate meter scales, which reduces the 
chances of damaging either diode or 
meters. Subsidiary switches allow the 
voltage scale to be expanded by 4 times, 
and the current scale by up to 1000 
times (in three steps: 10, 100 and 1 000). 
Small lights indicate which range on 
each meter is in use for any setting of 
the switches. The voltage or current at 
any position of the range switch is fully 
adjustable by means of coarse and fine 
controls. These fully cover every range 
in ten coarse steps with an_ infinitely 
variable fine control. 

EE 9760 for further details 





TELEVISION MEASURING 
OSCILLOSCOPE 


(Illustrated above) 
Marconi Instruments Ltd, St. Albans, Hertford- 
shire. 
HIS special-purpose _ oscilloscope, 
type TF 1277, enables precise 
measurements to be made on the wave- 
forms used for testing television broad- 
cast equipment, transmitters and links. 
It is suitable for 405-525- and 625-line 
systems, colour or monochrome, or for 
use as a studio waveform monitor or 
high-grade general-purpose oscilloscope. 
The instrument is particularly suitable 


‘for the quantitative assessment of the 


quality of a television picture in terms 
of its K rating. The accuracy with which 
it displays the test waveforms used for 
determining picture quality allows 
measurement of K factors down to 
values well below that normally accepted 
as a reasonable design objective. 

Either free-running or triggered sweep 
can be selected, and the start of the dis- 
play can be delayed by a variable 
amount. The time-base can also be 
switched to allow the display of pulse 
and bar waveforms, or to provide a line- 
strobe facility with a marker to modu- 
late a picture monitor so that the line 
required for analysis can be readily 
selected from the raster. 
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The d.c. coupled Y amplifier has a 
substantially flat response from d.c. to 
10Mc/s with a maximum sensitivity of 
100mV/cm; by using the a.c. coupled 
pre-amplifier, a sensitivity of 5mV/cm is 
obtained in a pass-band of 3c/s to 
10Mc/s. 

Two coaxial Y-input sockets are pro- 
vided; these can be selected independently 
or connected for differential measure- 
ments. On unbalanced inputs, any hum 
present between the earth systems of the 
signal source and the oscilloscope is can- 
celled out, allowing residual sub-carrier 
or noise to be measured down to —50dB 
on a IV signal. 

The response of the X _ amplifier 
extends from d.c. to 1Mc/s. The expan- 
sion can be varied from x1 to x50, 
with a sweep width of 10cm at the 
minimum setting. 

EE 9761 for further details 


SWEEP OSCILLATOR AND 
VIBRATION CONTROLLER 


(Illustrated below) 


Sir W. G. Armstrong Whitworth Aircraft Ltd, 
Baginton, Coventry 


This unit is designed to drive vibrator 
amplifiers. It has a frequency range from 
10c/s to 32kc/s and accurate control of 
peak acceleration up to +40g is provided. 
The automatic frequency sweep facility 
is provided with 7 sweep speeds for each 
frequency range. The sweep can be 
arranged to reverse or stop at any desired 
point, and its limits of travel are adjust- 
able anywhere in the range being used. 
Manual operation of push-buttons can 
override automatic control sweep at any 
time. Panel lights indicate the various 
modes of operation. A square wave out- 
put is provided to drive a stroboflood at 
oscillator frequency or at oscillator fre- 
quency plus a small increment of 0-5c/s, 
Ic/s or 2c/s. The vibration control sec- 
tion of the apparatus is designed to 
control the peak acceleration of a vibra- 
tor table by automatic adjustment of the 
vibrator amplifier input during mechani- 
cal or electrical resonances. Specifications 
other than ‘constant g’ can be followed 
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by the insertfon of an appropriate func- 
tion amplifier between the pick off and 
comparator in the control loop. 

The controller is capable of control- 
ling in the range of 10c/s to 32kc/s. The 
upper frequency limit, however, is deter- 
mined by the vibrator equipment. It will 
control up to +40g or as determined 
at low frequencies by the excursion of 
the table. 

EE 9762 for further details 


UNIVERSAL L.T. TRANSFORMER 
(Illustrated below) 

Radiospares Ltd, 4-8 Maple Street, London, W.1 

These universal 1.t. transformers are 
designed as a source of ‘odd’ voltages 
in laboratories and workshops. They are 
of a fully shrouded potted construction 
and all connexions are to turret lugs on 
a high grade laminated panel. There are 





seven secondary windings and five tap- 
pings on the primary. By suitably con- 
necting the secondary windings in series 
and parallel combinations all voltages 
from 1V to 40V in steps of 1V may be 
obtained. The total loading on the trans- 
former must not exceed 90W. 


EE 9763 for further details 


AUTOMATIC NUCLEAR COUNTING 
SYSTEM 
(Illustrated above right) 
Societa Elettronica Lombarda, Via Teodosio 70, 
Milan 

The system is composed of a fast 
scaler, an automatic sample changer of 
simple and sturdy design and a time 
printing machine. 

The scaler, of modular construction, 
comprises an e.h.t, supply unit (300 to 
2 000V, stability +0-05 per cent, resetta- 
bility + 0-1 per cent); a non-overloading 
input amplifier unit (gain — 100, rise- 
time better than 0-2usec); a fast discrim- 
inator, or a single channel analyser unit 
5 to 100V threshold, 1, 2, 4 or 8V 


_ channel width); three electronic decades 


with lysec resolving time, and lastly the 
automatic counting unit (auto-time from 
10 to 9999sec in Isec steps; auto-count 
from 1.000 to 10°). 

The automatic sample changer, of 
patented design. is mechanically very sim- 
ple and sturdy; it takes 30 samples on 
lin planchets or 12 samples on 2in plan- 
chets. 

It is possible to use three different de- 
tectors by replacing the detector head, 
namely an end window G.M. tube; an 
ultra thin window (0-9mg/cm?) flow G.M. 
or proportional tube; a scintillation coun- 
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ter with alfa, beta, cr gamma phosphors. 

The G.M. counting gas used with G.M. 
flow tubes is an inexpensive mixture of 
argon-buthane. 

The modular construction not only 
makes maintenance very easy, but also 
permits successive extensions or varia- 
tions of the system while avoiding any 
obsolescence. 

EE 9764 for further details 


PROPORTIONAL TEMPERATURE 
CONTROLLER 


(llustrated below) 
Ether Ltd, Caxton Way, Stevenage, Hertfordshire 

Ether Limited have now extended their 
range of Transitrol temperature control- 
lers, to a total of six, with the introduc- 
tion of a continuously-acting proportional 
controller with reset feature, known as 
the type 995. 

The type 995 Transitrol, which has a 
Jin indicating scale, cperates in conjunc- 
tion with a proportioning-motorized 
valve and affords proportional control, to 
very close accuracy, on gas or oil-firing 
applications. It can also maintain steam 
at a constant pressure under varying 
loads. 

Temperature control is attained by the 
use of a conventional galvanometer as 
the measuring system. An_ indicator- 
pointer operates a simple photo-electric 
system which, in turn, controls the valve- 
positioning motor. The latter is powered 
by a 24V, 50c/s, shaded-pole, reversing 
motor comprising two stators and two 
rotors, coaxially mounted on a common 
shaft which tranmits power to the final 
drive shaft through a silent and accu- 
rately-machined gear train, 

The entire instrument, which is suitable 
for wall or panel-mounting, is designed as 
a plug-in unit and is easily withdrawn 
from its casing. 


EE 9765 for further details 
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The Central Electricity Generating 
Board are to make application to the 
Minister of Power and to the Local 
Planning Authority for consent to de- 
velop a site of about 175 acres at Old- 
bury-on-Severn for a nuclear power 
station. The site lies on the south eastern 
bank of the Severn Estuary fourteen 
miles north of Bristol and four-and-a- 
half miles down-stream of Berkeley 
where one of the Board’s first two 
nuclear power stations is under construc- 
tion. Advantage will be taken of a rock 
shelf off-shore to create an artificial tidal 
reservoir from which the large quantities 
of water required for cooling the con- 
densers of the steam turbines can be 
drawn during low tide periods. This un- 
usual arrangement will reduce the costs 
that would normally be incurred in 
obtaining cooling water from an estuary 
with as wide a tidal range as the Severn. 
Foundation conditions on shore are good 
for supporting heavy reactors. Present 
indications are that a station on this site 
might have a total output of about 
1 OOOMW and be connected to the 275kV 
supergrid. 


Standard Telephones and _ Cables 
Limited have received a contract from 
the Royal Board of Swedish Telecom- 
munications for a microwave network 
in Europe worth approximately three- 
quarters of a million pounds sterling. 
This provides for a propagation survey 
of the proposed routes to determine suit- 
able sites for the equipment stations, and 
for the supply and installation of micro- 
wave equipment for operation in the 
4000Mc/s band. Stations at Sundsvall 
and Boden will be linked to form an 
extensive network for the transmission 
of telephone and television signals. The 
system will join the large communica- 
tions network of the south of Sweden to 
that in the north by connecting the 
Stockholm-Sundsvall coaxial system with 
Boden, whence a coaxial system extends 
to Kiruna. This coaxial and microwave 
equipment will be in service over nearly 
the whole of the route from Malmo in 
the south to Kiruna inside the Arctic 
Circle in the north, a distance of over 
1600km (1000 miles). 


The British Computer Society Limited 
will hold its first Conference in Cam- 
bridge from 22 to 25 June, 1959, which 
has been designed to appeal to all users 
of digital computers, whether their 
interests lie in the business or the scien- 
tific field. Members and others who wish 
to attend can obtain application forms 
from the Conference Secretary, Univer- 
sity Mathematical Laboratory, Corn 
Exchange Street, Cambridge. 
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Short News Items 


The Second International Conference 
on Medical Electronics will be held at 
the new UNESCO Building in Paris from 
Wednesday, 24 June, at 2 p.m. to Satur- 
day, 27 June, at 6 p.m. It is hoped par- 
ticularly to bring together doctors and 
research workers with unsolved problems 
and engineers with new techniques and 
ideas for possible solutions. All requests 
for accommodation should be sent to 
S.0.C.F.I., I ter Rue chanez, Paris 16°. 
Further information can be obtained 
from the Secretariat, 131 Boulevard 
Malesherbes, Paris XVII°. 


Brush Crystal Co. Ltd of Southamp- 
ton announce that commercial produc- 
tion of new piezoelectric materials has 
now started. The materials are poly- 
crystalline ceramics based on a lead 
zirconate-titanate solid solution and they 
possess a very high conversion efficiency 
combined with a useable temperature 
range of up to 250°C. Applications for 
the range of piezoelectric ceramics in- 
clude pick-up elements, accelerometer 
and pressure cartridges, flaw detection 
probes and high power ultrasonic trans- 
ducers. The temperature characteristics 
of one type ate of an order that makes 
the production of ceramic filter elements 
a practical possibility. 


The University of Birmingham, Elec- 
trical Engineering Department, is arrang- 
ing two informal residential conferences 
in September 1959. The first, on Dielec- 
tric Devices, will be held from 14-17 
September and the second, on Modern 
Network Theory, from 21-24 September. 
Preliminary programmes of papers and 
discussions have already been arranged 
and those interested in attending are 
invited to write to the Secretary of the 
Electrical Engineering Department, The 
University, Birmingham 15, for full 
details. 


The Department of Scientific & Indus- 
trial Research will award longer-term 
grants for special researches in future. 
These grants, which have normally been 
limited to a maximum of five years, may 
now be awarded for an initial period of 
up to seven years with the possibility 
of continuing support for a further ten 
years. The main conditions are that an 
initial award will be given for periods 
of three to seven years with the possi- 
bility of two renewals, each with a 
maximum duration of five years. A third 
renewal would not normally be given. 
Details of the scheme are contained in 
the 1959 edition of ‘Notes on D.S.LR. 
Grants’, published by Her Majesty’s 
Stationery Office in January. 
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The Institution of Electronics will hold 
their Fourteenth Annual _ Electronics 
Exhibition and Convention at the Man- 
chester College of Science and Tech- 
nology during the period 9-15 July, 1959. 
This Exhibition will consist of an exten- 
sive display of electronic devices of 
interest to members of all branches of 
science and industry, and will consist of 
a ‘ Manufacturer’s Section’ and a ‘ Scien- 
tific and Industrial Research Section’. A 
Convention will be incorporated consist- 
ing of a series of lectures and film shows 
on electronic topics. Further particulars 
may be obtained from the Honorary 
Exhibition Organizer, Mr. W. Birtwistle, 
78 Shaw Road, Rochdale, Lancs. 


MEETINGS 
THIS MONTH 


BRITISH INSTITUTION OF RADIO 
ENGINEERS 


All London meetings will be held at the London 

School of Hygiene and Tropical Medicine, Keppel 

Street, Gower Street, London, W.C.1, and will 

start at 6.30 p.m. 

Date: 5 May. 

Lecture: An Experimental Diode Parametric 
Rs a and its Properties. 

I. M. Ross, C. P. Lea-Wilson, A. J. Monk 

wo A. F. H. Thomson. 

Date: 13 May. 3 

Lecture: Improving Ce ication Tech 
—what have engineers to learn from informa- 
tion theory? 

By: Professor D. Gabor. 

South Midlands xr 

Date: 1 May. Time: 7 

Held at: North Gloucestershire PTechnical Col- 
lege, Cheltenham. 

Lecture: Transistor Amplifiers. 

By: F. Butler. 


INSTITUTION OF ELECTRICAL 
ENGINEERS 


All London meetings, unless otherwise stated, 
will be held at the Institution, commencing at 
0 p.m. 

Radio and Telecommunication Section 

Date: 13 May. 

Lecture: The Application of Statistical Tech- 
niques to the Electronic Valve Industry. 

By: E. G. Rowe. 

Date: 14 May. Time: 6.30 p.m. 

Lecture: On the Conceivable Future of Tele- 
communications. 

By: Professor E. C, Cherry. 

South Midland Centre 

Date: 4 May. Time: 6 p.m. 

Held at: pole Watt Memorial Institute. 
Lecture: Some Problems Associated with the 
Operation of Large Turbo-Alternators. 

By: A. Abbott. 


INSTITUTION OF ELECTRONICS 


Date: 8 May. Time: 7 p.m. 

Held at: Reynold Hall, Manchester College of 
Science and Technology. ; ; 

Lecture: The Design of Transistor H.F. Ampli- 
ers. 

By: L. E. Jansson. 


SOCIETY OF INSTRUMENT 
TECHNOLOGY 


Date: 13 May. 6p 

Held at: Manson House, "Podtend Place, Lon- 
don, 

Annual General Meeting of Data Processing 
Section followed by 

Lecture: A Multipoint Digital Strain - Gauge 
Recorder 

By: J. R. “Sturgeon. 
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“roUR-THREE-TWO -ONE “fy . 


Testing time for guided missiles — with cables 
providing the nervous system for the control 
equipment ... BICC design and manufacture a 
wide variety of control cables for both ground and 
airborne use. Standard types are also available for 
use with ancillary equipment such as ground radar, 
centimetre radio links and closed circuit television. 


For outdoor connections 


BICC Polypole Couplers are also particularly 
suitable for use with ground control equipment, 
since they ensure a tough, permanent, moisture- 
resistant assembly which virtually eliminates the 
possibility of conductor breakages at the coupler. products is available on request. 





Further information about these 


control cables 
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Une description basée sur des renseignements fourn is par les fabricants de nouveaux organes, acces- 


VOLTMETRE DE CRETE 
(Illustration a la page 304) 
Wayne Kerr Laboratories Ltd, Chessington, 
Surrey 
Les laboratoires Wayne Kerr, en col- 
laboration avec le Commissariat britan- 
nique a l’énergie atomique (U.K.A.E.A.), 
viennent de mettre au point un voltmétre 
de créte de 50 kV pour la mesure 
dimpulsions simples ou répétées, d’une 
durée de 1 microseconde ou davantage. 
L’impulsion regue est appliquée a un 
réseau 4a condensateurs de division de 
tensions, d’un rapport de 50:1, et la 
tension parcourant le condensateur prin- 
cipal est mesurée au moyen d’un compteur 
électrostatique de 0 4 1 kV. Une diode 
a rétablissement de niveau shunte le 
compteur afin de permettre la mesure 
dimpulsions répétées. L’impulsion indi- 
quée se décharge lentement par une 
résistance d’isolement supérieure 4 10'° 
Ohms, le circuit de mesure étant herméti- 
quement fermé afin de maintenir ce 
chiffre d'isolement. La décharge est 
effectuée en pressant un bouton sur le 
panneau avant. Ce bouton actionne un 
relais 4 l'intérieur du compartiment scellé. 
Deux gammes peuvent étre obtenues 
facilement, soit 10 kV 4 50 kV et 5 kV 
a 25 kV. Le degré de précision de la 
mesure est supérieur 4 +5%, en em- 
ployant les courbes d’étalonnage fournies 
a cet effet, qui indiquent I’étalonnage 
initial jusqu’a l’espace sphérique irradié, 
selon la norme britannique 358. 
EE 9751 pour plus amples renseignements 


CONTROLEUR DE CABLES 
(llustration a la page 304) 
Tyser & Co. Ltd, Merrow, Guildford, Surrey 

Un nouvel instrument pour la détection 
rapide des défauts dans les cables vient 
d’étre mis au point et lancé sur le marché 
par la société Tyser & Co. Ltd (les suc- 
cesseurs de la société P.A.M. Ltd, au 
sein de la Southern Areas Electric Cor- 
poration). 

Il s’agit du Contréleur - indicateur - 
enregistreur PERRAM, dont la fonction 
est de déceler les défauts dans le guipage 
isolant des cables en cours de fabrication. 
Ii représente une méthode non-destructive 
d’évaluation de la qualité de l’isolement 
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soires et instruments d’essai 


des cables, qu’on peut ensuite classer en 
conséquence. 

Il comprend un générateur de haute 
tension c.c. non-mortelle, dont la puis- 
sance de sortie 4 variation continue est 
de 4 4 20 kV c.c., ainsi qu’un compteur 
électromagnétique de grande vitesse, un 
indicateur d’alarme 4 lampe et sonnerie, 
et un circuit de protection de surcharge 
automatique. 

La sortie de haute tension est appliquée 
a une électrode a petit anneau, employée 
pour examiner Ilisolement du_ cable. 
Lorsqu’un défaut ou une rupture sont 
décelés dans l’isolement, la décharge de 
tension qui en résulte est enregistrée par 
le compteur. 

Lorsqu’un défaut est localisé, le systeme 
d’avertissement est déclanché pour une 
durée minimum de 4 secondes, donnant 
une avertissement 4 la fois visible et 
audible. Une succession serrée de défauts 
sera toujours enregistrée par le compteur, 
méme si le systéme d’avertissement ne 
suit pas la vitesse de répétition. 

Dans le cas d’un défaut prolongé, le 
circuit de protection de surcharge auto- 
matique entre en action, débranchant le 
générateur de haute tension et gardant les 
indicateurs d’alarme en fonctionnement 
jusqu’a ce que _ Tl’opérateur remette 
l’instrument en état normal. 

Le circuit permet une trés grande 
vitesse de fonctionnement et l’instrument 
peut enregistrer une détection de défaut 
d’une durée aussi rédu‘te que 1 m/sec. 
Ceci permet une vitesse d’avance de cable 
de 914 m/min., méme en employant une 
électrode 4 anneaux trés courte. 

EE 9752 pour plus amples renseignements 





LE SALON DU TRANSISTOR 


‘Electronic Engineering’ occu- 
pera le Stand 73 au Salon du 
Transistor, 4 Earls Court, Londres, 
du 21 au 27 mai 1959. Des détails 
complets sur les fabrications qui y 
seront exposées ne nous sont pas 
encore parvenus et ne peuvent 
donc étre inclus dans le présent 
numéro. Un _ compte-rendu§ du 
Salon sera donné, cependant, dans 
un prochain numéro. 
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Traduction des pages 304 d 307 


OSCILLOSCOPE A MEMOIRE DE 
SIGNAUX TRANSITOIRES 
(/llustration a la page 304) 


A. E. Cawkell, 6-8 Victory Arcade, Southall, 
Middlesex 


Cet appareil, qui porte le nom de 
REMSCOPE, étend considérablement la 
série des mesures et observations réali- 
sables sans recours a l’enregistrement 
photographique. 

Les oscilloscopes 4 mémoire précédents, 
construits par la société Cawkell. faisaient 
usage du tube a rayons cathodiques 
MEMOTRON et leurs performances 
étaient limitées par le rendement relative- 
ment lent de ce type de tube. Avec 
l'avénement du tube 4 mémoire et image 
English Electric Type E702, cette restric- 
tion a disparu et Il’oscilloscope REM- 
SCOPE a donc été étudié pour faire 
l'usage le plus complet du nouveau tube. 

Le tube E702 contient un systeme a 
mémoire qui permet l’emmagasinage de 
signaux transitoires pendant une semaine 
et leur représentation sous forme d’image 
pendant un court laps de temps durant 
cette semaine. Avec les REMSCOPE, la 
durée de l’image (qui peut étre présentée 
fragmentairement) dépasse 15 minutes et 
peut, pour tous les signaux, sauf les plus 
rapides, étre étendue a environ deux 
heures. La luminosité est quelque peu 
affectée par des temps de projection pro- 
longés, quoiqu’on obtienne quand méme 
une image satisfaisante. Afin de pouvoir 
utiliser au maximum l'image “emmaga- 
sinée”, la représentation sur l’écran peut 
étre différée jusqu’au moment voulu, ou 
elle peut étre branchée automatiquement 
a la réception d’un signal. 

La persistance de la représentation peut 
varier de quelques secondes jusqu’a 15 
minutes. Cet avantage est particuliére- 
ment utile lorsqu’on compare un deétail 
d'une série avec un détail précédent. En 
réglant la persistance, on peut faire dis- 
paraitre le premier signal tandis qu’appa- 
rait le troisitme, et ainsi de suite. En 
variant le réglage on permet la produc- 
tion d’autres séquences. 

L’image est rapidement supprimée en 
pressant un bouton intérieur ou en fer- 
mant un circuit externe. Une minuterie 
de suppression qui élimine le signal aprés 
un intervalle préréglé est prévue a cet 
effet. 

A la livraison, l'appareil est muni d’un 
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amplificateur Y a large bande avec 
entrées différentielles c.c. Afin de per- 
mettre son remplacement, par la suite, 
par des éléments différents, cet amplifica- 
teur est du type 4a prises. 

Etant donné que I’oscilloscope REM- 
SCOPE a été principalement congu pour 
l’étude des signaux transitoires, un soin 
méticuleux a été apporté a rendre le 
déclanchement sir et aisé. On peut 
employer des signaux en courant alterna- 
tif ou continu pour amorcer la base de 
temps. L’amorgage est automatique dés 
que le potentiel d’entrée dépasse un 
niveau préréglé. 

En dehors des particularités décrites 
plus haut, l'appareil comprend tous les 
avantages usuels d’un oscilloscope de 
haute qualité. La base de temps com- 
porte une gamme étendue de vitesses, de 
3 cm/usec a 0,1 cm/sec. et une amplifica- 
tion au quintuple peut étre effectuée au 
moyen de Il’amplificateur X. L’amplifica- 
teur Y a un temps de montée de 0,15 
usec, mais il est également muni d’un 
dispositif 4 grand gain et bande étroite. 
Les deux amplificateurs et les circuits de 
déclanchement sont entiérement 4 coup- 
lage direct. Des marqueurs de temps a 
contréle piézoélectrique assurent |’étalon- 
nage de la base de temps. IIs sont étroite- 
ment serrés afin de fournir un étalon de 
tension. La précision de mesure de la 
tension est +1°. Un glissement mini- 
mum est garanti par une haute tension 
stabilisée et des sources d’alimentation 
de chauffage. 


EE 9753 pour plus amples renseignements 


TUBES ECLAIR A RAYONS 
CATHODIQUES 
(Illustration @ la page 305) 


Ferranti Ltd, Hollinwood, Manchester, 
Lancashire 


Le Service d’Electronique de la Société 
Ferranti Ltd, vient de lancer une nouvelle 
gamme de tubes-éclair 4 rayons catho- 
diques qui produisent un éclat lumineux 
du méme ordre d’intensité que celui des 
tubes éclair électroniques 4 gaz employés 
pour la photographie. 

Ces tubes, appartenant aux séries CL60 
et CL70, s’allument en entier, simultané- 
ment, par contraste avec le comportement 
normal des tubes 4 rayons cathodiques, 
et. ils présentent l’avantage supplémen- 
taire de pouvoir répéter les éclats beau- 
coup plus rapidement: on peut obtenir 
jusqu’a 1 million d’éclats lumineux par 
seconde. On peut également produire des 
éclats contenant une fine structure inté- 
rieure consistant en une multiplicité de 
plus petits éclats. 

Trois types différents de tubes sont 
fournis actuellement. La série CL60, 
comprenant des triodes de 99 mm de 
diamétre; la série CL70, comprenant des 
tubes miniature de 25 mm de diamétre et 
la série CL1, qui comprend des diodes 
de 152 mm de diamétre. Ces tubes 
peuvent étre revétus de substances lumine- 
scentes de toutes les couleurs, y compris 
Pultra-violet et l’infra-rouge. Il est égale- 
ment possible de produire une lumiére 
“blanche”, débarrassée de la structure a 
ligne spectrale que I’on trouve dans les 
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lampes a décharge et qui s‘étend sur des 
gammes spectrales spécifiées. 
EE 9754 pour plus amples renseignements 


RELAIS DE CONTACT A FILS 
(Illustration a la page 305) 
Woden Transformer Co. Ltd, Moxley Road, 
Bilston, Staffordshire 

Le relais de contact 4 fils WODEN- 
T.S.P. a été réalisé en vue de répondre a 
la nécessité de pouvoir disposer d’un 
relais multipolaire rapide pour les calcu- 
lateurs électroniques ainsi que pour les 
appareils de contréle en général. 

En principe, c’est un relais 4 prises 
pour supports multiples ou individuels 
qui peut étre soudé directement ou 
employé avec une fiche 4 déclanchement 
rapide. 

Son élément de base est un relais com- 
mutateur 4 quatre pdles avec contacts de 
fils jumelés, facilement interchangeables. 
Cet élément et tous les contacts fixes sont 
faits d’un moulage en une seule piéce, 
d’une matiére de grande solidité diélec- 
trique. Tous les contacts fixes sont en 
alliage d’argent. 

La construction du relais permet un 
fonctionnement trés rapide, les durées de 
déclanchement et de  fonctionnement 
étant réduites 4 3 microsecondes. Ce type 
de relais convient 4 diverses applications, 
mais il est particuliérement utile pour les 
calculateurs électroniques et les circuits 
de commutation vidéo, la faible capacité 
entre les contacts étant extrémement 
utile. 

Cet élément a une durée de contact 
prévue de 3 millions d’opérations et 
l’étendue de la durée de contact peut étre 
considérablement accrue par Il’usage de 
circuits éliminateurs d’étincelles ou par 
l'utilisation 4 des régimes plus faibles. 

L’élément quadripolaire courant a 
environ les dimensions suivantes: 44,5 x 
15,9 x 38 mm; il existe également des 
éléments 4 6 et 12 pdles. 

Ces relais sont étudiés pour étre 
employés dans des températures am- 
biantes maxima de 50°C, mais ces 
températures peuvent étre plus élevées 
pour certaines applications spéciales. 

EE 9755 pour plus amples renseignements 


‘ 


FILTRE MULTI-OCTAVES BASSE 
FREQUENCE 
(Illustration a& la page 305) 


Peekel, Laboratorium voor Electronics N.V., 
Alblasstraat 1, Rotterdam 8, Pays-Bas 


Ce filtre permet d’obtenir une carac- 
téristique de fréquence arbitraire dans les 
gammes des basses fréquences. Cette 
gamme s’étend de 30 Hz a 16 kHz et elle 
est divisée en bandes étroites par huit 
filtres, dont l’action peut étre réglée 
individuellement au moyen d’atténuateurs 
étalonnés en décibels. Les atténuateurs 
sont étudiés de telle fagon que la position 
de chacun d’eux peut étre lue sur une 
échelle verticale et ils sont disposés de 
maniére 4 former un systéme de coordon- 
nées avec la fréquence en abscisses et 
l’atténuation en ordonnées, la position des 
huit atténuateurs indiquant ainsi, au coup 
d’oeil, la caractéristique de fréquence 
obtenue. 
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La pente moyenne de chaque filtre est 
de 30 dB/octave et chaque filtre peut étre 
réglé entre 0 et —55 décibels, en paliers 
de —2,5 décibels. Lorsque tous les filtres 
sont ajustés au méme niveau, on obtient 
une caractéristique de fréquence linéaire 
entre 30 Hz et 16 kHz. Lorsque les 
atténuateurs sont 4 la position 0 dB, le 
filtre agit comme amplificateur 4 gain 1. 

L’impédance d’entrée et de sortie du 
filtre multi-octaves est de 200 ohms et la 
tension normale pouvant étre appliquée a 
l'entrée est de 1 volt. 


EE 9756 pour plus amples renseignements 


VOLTMETRE ELECTRONIQUE 


(Illustration a la page 305) 
Briiel et Kjzr, Nerum, Danemark 

Le nouveau voltmétre électronique 
Type 2409 réalisé par la société Briiel & 
Kjaer peut étre employé pour toutes 
sortes de mesures de tension dans la 
gamme de fréquences de 2 Hz a 200 kHz 
et dans la gamme de tensions d’environ 
1 mV a 1 kV. II est pourvu de deux 
échelles de tensions, 4 déviation totale, 
pour 10 volts et 31,5 volts respectivement. 
Une échelle de décibels est prévue pour 
mesurer les rapports d’amplification et 
d’atténuation. Lorsque l’échelle de dé- 
cibels est employée avec I’atténuateur 
étalonné, toute mesure de tension peut 
étre lue directement en décibels par rap- 
port a 1 volt. 

En outre, le voltmétre est muni d’une 
échelle de décibels (par rapport 4 1 mW) 
pour les mesures de transmission basse 
fréquence, les lignes téléphoniques, etc. 
La valeur de référence est de 0,775 V, 
correspondant 4 1 mW dans 600 ohms. 

L’instrument se distingue aussi par le 
fait qu'il peut mesurer la créte, la 
moyenne arithmétique et la valeur efficace 
réelle du signal d’entrée. 

Deux caractéristiques d’amortissement 
différentes peuvent étre choisies afin 
d‘obtenir sans difficulté des indications de 
voltmétre précises, tant pour les signaux 
a haute fréquence que pour ceux a basse 
fréquence. La premiére caractéristique se 
conforme a la norme pour les mesures 
de décibels. Quant a la seconde, elle est 
employée pour obtenir une déviation 
stable de l’aiguille du voltmétre lorsqu’on 
mesure les signaux de basse fréquence. 

Enfin, en faisant usage d’un jack de 
sortie, cet instrument peut étre utilisé 
comme amplificateur étalonné 4 basse 
impédance de sortie et amplification 
maximum de 60 décibels, variable en 
paliers de 10 décibels. 


EE 9757 pour plus amples renseignements 


OSCILLOSCOPE UNIVERSEL 
(Illustration a la page 306) 
Erskine. Laboratories Ltd, Scalby, Scarborough, 
Yorkshire 

L’Oscilloscope Erskine Type 5 est un 
instrument universel pour |l’observation 
des formes d’ondes et la mesure de leur 
durée et de leur amplitude. 

Il est léger et compact, tout en étant 
suffisamment aéré, et ses composantes 
sont d’accés extrémement aisé. 
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Le tube cathodique (du type 4 quatre 
anodes) est placé horizontalement et il 
se voit 4 travers un miroir de 45°. Ce 
montage présente de multiples avantages. 
Il permet d’avoir un capot de vision ne 
dépassant pas les dimensions hors tout 
du couvercle. Il permet aussi une meil- 
leure disposition des circuits internes. Le 
panneau avant n’est plus bourré de com- 
mandes et la profondeur de l’instrument 
ne dépend plus du tube cathodique. 

Toutes les connexions nécessaires, 
d’entrée et de sortie, sont placées le long 
du bord inférieur du panneau avant et 
elles sont adjacentes aux commandes 
auxquelles elles se rapportent. Juste au- 
dessous du panneau, se trouve un tiroir 
de la longueur enti¢re du panneau pour 
ranger les connecteurs. II sert également 
d’entrée d’air de convection pour I’aéra- 
tion, la sortie nécessaire se trouvant au- 
dessus de la partie supérieure du panneau. 
Ce dernier est en pente, son bord supé- 
rieur se terminant a l’arriére et au- 
dessous. du bord supérieur du cache- 
poussiére. 

L’Oscilloscope Type 5 est alimenté en 
haute tension stabilisée permettant la 
lecture directe sur micrométres étalonnés, 
quelles que soient les fluctuations de 
l’alimentation. Un circuit 4 retard permet 
de voir n’importe quelle partie d’une 
forme d’onde a répétition jusqu’a 20 
m/sec. du bord de synchronisation. La 
base de temps comporte neuf vitesses 
préréglées entre 3 et 30 microsecondes. 
La sensibilité de la plaque X est de 30 
volts/em et celle de la plaque Y est de 
45 volts/em. L’amplificateur Y a une 
largeur de bande allant du courant con- 
tinu 4 4 MHz et une amplification de 100. 


EE 9758 pour plus amples renseignements 


ENSEMBLES MINIATURE DE 
NOYAUX EN POT 
(lustration a la page 306) 

Neosid Ltd, Stonehills House, Welwyn 
Garden City, Hertfordshire 
Cet ensemble, renfermé dans un boitier 
carré de 12,7 mm de cété, a été étudié 
pour les circuits 4 transistors et, en parti- 
culier, les circuits imprimés. Le dispositif 
a cosses, placé 4 la base de l'appareil, 
est conforme aux avis de I’Institut britan- 
nique de normalisation, concernant les 
circuits imprimés. Les pinces de terre du 
boitier ont la double fonction de mettre 
a la terre et de tenir tout l'ensemble. Un 
tampon compresseur en caoutchouc main- 
tient la pression contre les surfaces 
d’accouplement des noyaux en pot, tandis 
que le réglage de l’impédance se fait par 
un noyau fileté de 4 mm. Les compo- 
santes ont toutes été prévues pour des 
conditions tropicales, sans que cela ne 

nuise au fonctionnement de I’ensemble. 
La construction particuli¢re de l’appa- 
reil permet de faire usage de la technique 
des enroulements multiples et d’effectuer 
séparément le sous-assemblage. La cour- 
bure des cosses, avant la soudure, par 
immersion est facilitée par le soin apporté 
aux détails, cependant que des cosses 
trempées dans un tain a chaud sont 
utilisées pour assurer une bonne soudure. 
Les noyaux peuvent étre fournis en fer- 
rite de différentes qualités, selon les 
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besoins, qui dépendent de Il’impédance 
voulue et de la fréquence de fonctionne- 
ment. On peut facilement obtenir des 
facteurs de surtension de 200 aux basses 
fréquences, et des facteurs de 100 4 20 
MHz. Les facteurs de plus hautes fré- 
quences sont en cours d’amélioration. 
Les noyaux en pot ont été employés 
jusqu’a 40 MHz. 

Les ensembles 4 basses fréquences 
peuvent étre bobinés pour donner une 
impédance de 11 mH jusqu’a 4 MHz, ou 
baisser dams une proportion correspon- 
dante 4 mesure que la perméabilité du 
matériel est réduite pour un fonctionne- 
ment a une plus haute fréquence. 

Le coefficient de perméabilité de tem- 
pérature peut étre réduit pour l’ensemble 
a moins de 100 parties dans 10°/°C. 


EE 9759 pour plus amples renseignements 


CONTROLEUR DE DIODES 
(Illustration a la page 306) 


R. E. Thompson & Co, (instruments) Ltd, 
Hersham Trading Estate, Walton-on-Thames, 
Surrey, Angleterre 


Cet instrument comporte les gammes 
courantes de 50 microampéres a 5 
Ampéres et les tensions de 3 volts 4 1,2 
kilovolts. Le courant et la_ tension 
peuvent étre lus simultanément sur des 
compteurs individuels. 

Toutes les diodes semi-conductrices, y 
compris les diodes du type Zéner, peuvent 
étre pleinement contrdélées, car les gammes 
s’appliquent tant a la marche avant 
qu’inversée. Un commutateur “avant- 
inversée” inverse la polarité de la sortie. 

Un commutateur de gammes a quatres 
positions contréle tant le courant que la 
tension vers les bornes de sortie et régle 
également les échelles de compteur appro- 
priées, ce qui réduit les risques d’endom- 
magement des diodes ou des compteurs. 
Des commutateurs auxiliaires permettent 
d’étendre l’échelle de tension quatre fois 
plus et celle de courant jusqu’a 1 000 fois 
davantage (par 3 paliers: de 10, 100 et 
1000). Des petites lampes indiquent la 
gamme employée sur chaque compteur, 
pour n’importe quel réglage des com- 
mutateurs. La tension ou le courant, 4 
n’importe quelle position du commutateur 
de gammes, peuvent étre ajustés au 
moyen de commandes de réglage approxi- 
matif ou précis. Ces derniéres sont pré- 
vues pour toutes les gammes, soit dix 
paliers de réglage approximatif et une 
commande précise, infiniment variable. 


EE 9760 pour plus amples renseignements 


OSCILLOSCOPE DE MESURES 
POUR LA TELEVISION 
(Illustration a la page 306) 


Marconi Instruments Ltd, St. Albans, 
Hertfordshire, Angleterre 


Cet oscilloscope spécial, type TF 1277, 
permet d’effectuer des mesures précises 
des formes d’ondes utilisées pour I’essai 
du matériel de télévision, des émetteurs 
et des coupleurs. Il convient aux 
systemes a 405, 525 et 625 lignes, 
en couleur ou monochrome, ou 4a 
l'emploi comme contréleur de formes 
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d’ondes de studio, ou bien encore comme 
oscilloscope universel de haute qualité. 

Il est tout particulitrement indiqué 
pour déterminer quantitativement la 
qualité d’une image de télévision en 
fonction de son indice K. La précision 
avec laquelle il reproduit les formes 
d’ondes d’essai utilisées pour évaluer la 
qualité de l'image, permet de mesurer 
les facteurs K jusqu’a des valeurs bien 
au dessous de celles généralement 
admises comme objectifs raisonnables 
d'images. On peut choisir le balayage 
libre ou déclenché et le début de la pro- 
jection peut étre retardé dans une mesure 
variable. On peut aussi brancher la base 
de temps pour permettre la projection de 
formes d’ondes d’impulsions ou en 
barres, ou pour fournir un systéme a 
traces linéaires avec marqueur pour 
moduler un contréleur d’image, de fagon 
a ce que la ligne voulue pour I’analyse 
puisse étre prise facilement de la trame. 

L’amplificateur Y a courant continu 
a un rendement sensiblement plat, du 
courant continu 4 10 MHz, avec une 
sensibilité maximum de 100 mV/cm. En 
employant l’amplificateur a courant 
alternatif, on obtient une sensibilité de 
5 mV/cm dans une bande passante de 
3 Hz a 10 MHz. 

L’appareil est pourvu de deux rac- 
cords coaxiaux d’entrée Y qui peuvent 
étre. choisis indépendamment ou branchés 
pour des mesures différentielles. Dans les 
entrées déséquilibrées, tout ronflement 
existant entre les prises de terre de la 
source de signaux et I’oscilloscope est 
éliminé, permettant de mesurer tout 
bruit ou onde porteuse résiduels jusqu’a 
—5 décibels sur un signal de 1 volt. 

Le rendement de Il’amplificateur X 
s’étend du courant continu 4 1 MHz. 
L’étalement peut étre varié de x1 a 
x 50, avec une largeur de balayage de 
10 cm au réglage minimum. 


EE 9761 pour plus amples renseignements 


OSCILLATEUR DE BALAYAGE ET 
CONTROLEUR DE VIBRATIONS 
(Illustration a la page 307) 

Sir W. G. Armstrong Whitworth Aircraft Ltd, 
Baginton, Coventry 

Cet appareil a été concu pour la com- 
mande des amplificateurs 4 vibreur. Sa 
gamme de fréquences s’étend de 10 Hz 
a 32 kHz et il permet un réglage précis 
de l’accélération de créte jusqu’a +40 g. 
Le dispositif de balayage automatique est 
prévu pour sept vitesses de balayage, 
pour chaque gamme de fréquences. Le 
balayage peut étre réglé de maniére a 
s’arréter ou aller en sens inverse, & 
l'instant voulu, et les limites de sa course 
peuvent étre ajustées en n’importe quel 
point de la gamme employée. Le balayage 
a contréle automatique peut étre rem- 
placé, A n’importe quel moment, par des 
boutons-poussoirs actionnés a la main. 
Les lumiéres sur le panneau indiquent Jes 
différents modes de fonctionnement. Une 
sortie d’ondes carrées fournit une pro- 
jection stroboscopique a la fréquence 
d’oscillateur ou 4 la fréquence d’oscil- 
lateur plus une légére augmentation de 
0,5 Hz, 1 Hz ou 2 Hz. La partie de 
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l'appareil qui contréle les vibrations est 
prévue pour la commande de I’accéléra- 
tion de créte d’une table 4 vibreur, au 
moyen du réglage automatique de l’entrée 
de Tlamplificateur 4 vibreur lors de 
résonances mécaniques ou électriques. 
Des spécifications autres que la “constante 
g’” peuvent étre suivies par l’insertion d’un 
amplificateur de fonction adéquat entre 
le sélecteur et le comparateur de la boucle 
de contréle. 

Le Contréleur de vibrations est étudié 
pour le contréle dans la gamme de 10 Hz 
a 32 kHz. La limite de fréquences maxi- 


mum est déterminée, cependant, par 
l’équipement 4 vibreur. Son contréle 
s’exercera jusqu’a +40 g ou, selon 


l’excursion de la table, aux basses fré- 
quences. 
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TRANSFORMATEUR 
UNIVERSEL B.T. 


(Illustration a la page 307) 
Radiospares Ltd, 4-8 Maple Street, London, W.1 


Ce transformateur universel a été étudié 
pour servir de source de tensions “non 
courantes” dans les laboratoires et ate- 
liers. Il est de construction compacte et 
enti¢rement blindé. Toutes les connexions 
sont sur cosses-tourelles d’un panneau 
laminé de haute qualité. Ils sont munis 
de sept enroulements secondaires et de 
cing prises de tension primaire. Par le 
branchement en série des enroulements 
secondaires et en effectuant des com- 
binaisons paralléles, on peut obtenir 
toutes les tensions de 1 volt a 40 volts, 
en paliers de 1 volt. La charge totale 
sur ces transformateurs ne doit pas 
dépasser 90 watts. 
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SYSTEME DE COMPTAGE 
NUCLEAIRE AUTOMATIQUE 
(illustration a la page 307) 

Societa Elettronica Lombarda, 70 via Teodosio, 
Milan 

Ce systeme se compose d’une échelle 
d’un changeur d’échantillons automatique, 
d'un modéle simple et robuste, et d’une 
machine a imprimer horaire. 

L’échelle, de construction entitrement 
modulaire, comprend un bloc d’alimenta- 
tion trés haute tension (300 4a 2020 
volts, stabilité +0,05%, réenclanchement 
+0,1%); un amplificateur d’entrée ne 
surchargeant pas (gain: 100, temps de 
montée supérieur 4 0,2 microsecondes); 
un discriminateur rapide ou un analyseur 
a voie unique (seuil de 5 a 100 volts, 
largeur de voie: 1, 2, 4 ou 8 volts); trois 
décades électroniques 4 temps de résolu- 
tion de 1 microseconde et, enfin, l’élément 
de comptage automatique (auto-temps: de 
10 & 9999 secondes, en paliers de 1 
seconde; auto-comptage de 1000 4 10°). 

Le changeur d’échantillons automa- 
tique, d’un modéle breveté, est d’une 
grande simplicité mécanique et fort 
robuste. Il peut recevoir 30 échantillons 
sur planchettes de 25 mm ou 12 échantil- 
lons sur planchettes de 50 mm. 

Il est possible d’employer trois détec- 
teurs différents en remplacant simplement 
la téte de détecteur, soit: un tube de 
Geiger a vitre d’extrémité: ou un tube 
proportionnel de Geiger 4 vitre ultra- 
mince (0,9 mg/cm*); ou encore un 
compteur de scintillations avec substances 
phosphorescentes alfa, beta ou gamma. 

Le gaz de comptage Geiger employé 
dans les tubes de débit Geiger est un 
mélange peu coifiteux d’argon et de butane. 

La construction modulaire a, non seule- 
ment l’avantage de rendre I’entretien fort 
aisé, mais elle permet également des 


extensions ou variations successives du 
systéme, en lui évitant ainsi de tomber 
en désuétude. 
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CONTROLEUR PROPORTIONNEL 
DE TEMPERATURE 
(Illustration a la page 307) 


Ether Ltd, Caxton Way, Stevenage, 
Hertfordshire 


La société Ether Limited vient de porter 
son assortiment de contréleurs de tempé- 
rature FRANSITROL 4 un total de six 
modéles, en présentant son contrdleur 
proportionnel Type 995 a action continue 
et réenclancheur. 

Le TRANSITROL 995 qui est doté 
d’une échelle indicatrice de 178 mm. 
fonctionne conjointement avec une vanne 
a moteur de dosage et assure le contrdéle 
proportionnel, 4 un degré de précision 
tres avancé, d’installations 4 gaz ou a 
chauffage aux huiles combustibles. II 
peut également maintenir la vapeur 4 une 
pression constante sous des _ charges 
différentes. 

Le contréle de la température s’effectue 
par l’emploi d’un galvanométre courant 
comme systéme de mesure. Un indicateur 
a aiguille actionne un simple systeme 
photoélectrique qui, 4 son tour, com- 
mande le moteur régulateur de la vanne. 
Ce dernier consiste en un moteur inver- 
sible 4 enroulement en court-circuit de 
24 volts, 50 Hz, comprenant deux stators 
et deux rotors, montés coaxialement sur 
un arbre commun qui actionne I’arbre de 
commande final au moyen d’un train 
d’engrenages silencieux et usinés avec 
précision. 

L’appareil complet, qui peut étre 
monté sur tableau ou sur mur, est con- 
struit sous forme d’élément a prises et 
peut étre facilement retiré de son boitier. 

EE 9765 pour plus amples renseignements 





Resumés des Principaux Articles 


L’application des circuits imprimés aux faisceaux hertziens 4 large bande. 


par R. Rowland 


L’ auteur indique la possibilité d’appliquer la technique des circuits imprimés aux études d’ équipement 


a fréquences intermédiaires et porteuses pour faisceaux hertziens a large bande. 
avantages de cette application en démontrant que, non seulement la production de ces éléments coiite 
moins cher, mais qu’on obtient également un meilleur rendement, une stabilité accrue et plus 


Résumé de I’ article 
aux pages 256 d 26! 


Il souligne les 


ad uniformité. De plus, l’entretien est simplifié et les besoins en appareils d’ essais sont considérablement 


réduits. 


Transistors 4 avalanche: 


Une évaluation de leurs propriétés et de leurs utilisations 


Il décrit, en conclusion, quelques éléments types de circuits imprimés. 
> q 


par R. C. V. Macario 


Les résultats d’un examen des propriétés de certains transistors expérimentaux a jonction alliée, 


Résumé de I’ article 
aux pages 262 d 267 


dits *“‘d’avalanche’’, ont permis d’évaluer leurs caractéristiques. 
déterminé avec les propriétés des jonctions semi-conductrices, ce qui est fort utile lorsqu’on fait 
l'étude d’un dispositif selon une spécification donnée. 


quelques applications. 
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Ces derniéres ont un rapport bien 


L’auteur donne des détails d’ études et résume 
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Un électrocardiographe enregistreur 4 réponse rapide par A. W. Melville et J. B. Cornwall 


L’ instrument décrit dans cet article a été étudié pour l’emploi en salle d’opération. Il assure une 

Résumé de I’article — excellente discrimination anti-parasites et comporte un circuit de contréle d’amplitude d’impulsions 

aux pages 268 a 271 des plus efficaces, ainsi qu’un compteur a constantes de temps alternatives, fournissant la réponse 
rapide nécessaire a l’évaluation d’incitations motrices a effet immédiat. 


Transistors et noyaux de circuits de comptage. par F. Rozner et P. Pengelly 


Le noyau magnétique a boucle carrée et le transistor sont aujourd’hui des éléments de circuits 
d’usage courant dans les calculateurs arithmétiques. Cet article indique le moyen de combiner ces 
deux éléments de maniére a former des circuits de comptage siirs et non critiques, pouvant recevoir des 
fréquences d’ entrée allant jusqu’a 750 kHz. Il décrit également une modification permettant d’ utiliser 
le circuit comme enregistreur de décalage. 


Résumé de I’ article 
aux pages 272 d 274 


L’accumulation de charge dans un transistor de jonction durant la mise hors circuit de la région active. par R. S. C. Cobbold 


En résolvant |’ équation a diffusion unidimentionnelle d’un transistor de jonction, on obtient les 

Résumé de I’ article équations des courants d’émission et d’arrét existant dans des conditions de mise hors circuit de 

aux pages 275 a 277 durée minimum. Ces équations s’accordent sensiblement, ainsi qu’il est démontré dans cet article, 
avec les résultats pratiques. 


Noyaux magnétiques 4 boucles d’hystérésis rectangulaires employés comme éléments de commutation. par J. F. Kaposi 


Les noyaux magnétiques a boucles d’hystérésis quasi rectangulaires peuvent étre utilisés comme 
éléments de commutation ou d’accumulation car ils possédent deux états stables de magnétisation 
rémanente. La boucle parcourue lors de la commutation d’un noyau a un autre dépend, d’une part, 
des propriétés magnétiques du noyau et, d’autre part, de la forme d’onde de commutation. Cet article 
examine les bases théoriques de la commutation des noyaux par l'emploi d’impulsions de tension et 
de courant, ainsi que les résultats expérimentaux de la commutation de différents types de noyaux et 
quelques applications particuliéres. 


Résumé de I’article 
aux pages 278 d 283 


Mesure précise de la fréquence de coupure de transistors par Yasuo Tarui 


_Cet article décrit un appareil pour mesurer rapidement et avec précision le gain de courant ainsi 

Résumé de I’article que le « de transistors haute fréquence, dans une gamme de fréquences allant de 1 4 20 MHz. La 

aux pages 284 d 287 valeur absolue et la phase de « peuvent étre mesurées avec une précision de 1,5%. On peut aussi 
déterminer rapidement la fréquence de coupure du courant. 


Un équipement terminal radiotéléphonique miniature. par E. J. Allen 


Cet article décrit un équipement terminal radiotéléphonique qui, bien que de dimensions considérable- 
ment plus réduites que les installations ordinaires, assure un rendement comparable et permet la 
transmission simultanée de quatre voies téléphoniques commerciales. 


Résumé de |’ article 
aux pages 288 a 290 


Un amplificateur électrophysiologique 4 l’usage des étudiants. par P. E. K. Donaldson 


tenia be Santis L’auteur décrit un amplificateur compact a un seul cété pour l’enregistrement du potentiel 
aux pages 290 d 291 d’action de nerfs ou de muscles excisés. L’appareil fonctionne entiérement sur alimentation 
secteur, ce qui, ajouté a sa simplicité, en fait un accessoire fort utile a tout laboratoire biologique. 


Un nouveau type de compteur d’anneaux. par P. J. Westoby 


Les compteurs d’anneaux a plusieurs étages sont d’un usage des plus fréquents. Le nombre d’étages 
dans les modéles courants est généralement limité a 12, pour les raisons que définit auteur. Il décrit, 
ensuite, un nouveau systéme permettant l’emploi de n’importe quel nombre d’étages, sans pour cela 
rencontrer les inconvénient des réalisations précédentes. Il explique également le principe de 
fonctionnement du systéme et ajoute quelques suggestions de dessin simple. 


Résumé de /’ article 
aux pages 295 d 298 
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SPITZEN-SPANNUNGSMESSER 
(Abbildung Seite 304) 


Wayne Kerr Laboratories Ltd, Chessington, 


In Zusammenarbeit mit der englischen 
Kernenergiebehérde haben die Wayne 
Kerr Laboratories einen 50 kV Spitzen- 
Spannungsmesser fiir einzelne oder 
wiederholte Impulse von mindestens 
1 usec Dauer entwickelt. Der Eingangs- 
impuls wird auf einen kapazitativen Span- 
nungsteiler mit einem 50:1 Verhiltnis 
gegeben und die Spannung des grossen 
Kondensators mit einem 0-1 kV elektro- 
statischen Instrument gemessen. Eine das 
Instrument iiberbriickende Diode ermdg- 
licht die Messung aufeinanderfolgender 
Pulse durch Wiedereinstellung des Pegels. 
Der angezeigte Impuls wird langsam 
durch einen Isolierwiderstand von minde- 
stens 10'° Ohm entladen. Um diesen Wert 
aufrecht zu erhalten, ist der ganze Mess- 
kreis luftdicht abgeschlossen. Betatigung 
eines Druckknopfes auf der Bedienungs- 
tafel fiihrt zur Entladung durch ein 
Relais im luftdichten Abteil. 


Die beiden Messbereiche 10 kV-50 kV 
und 5 kV-25 kV sind leicht einstellbar. 
Bessere Messgenauigkeiten als +5% 
kénnen unter Bezugnahme auf die Kurven 
der urspriinglichen Eichung mit einer 
iiberstrahlenden Kugelfunkstrecke nach 
der englischen Norm BS 358 erreicht 
werden. 


EE 9751 fiir weitere Einzelheiten 


KABELPRUFER 
(Abbildung Seite 304) 
Tyser & Co. Ltd, Merrow, Guildford, Surrey 


Tyser and Co. Ltd, Nachfolgefirma der 
P.A.M. Ltd in der Southern Areas Electric 
Corporation, hat ein neues Gerat fiir den 
Schnellnachweis von Kabelfehlern ent- 
wickelt und in das Fertigungsprogramm 
aufgenommen. 


Es wird als der Perram Kabelpriifer, 
-anzeiger und -registrierapparat bezeichnet 
und wird zum Nachweis von Kabelman- 
telfehlern wihrend der Fertigung einge- 
setzt. Es bietet eine zerstérungsfreie 
Methode fiir die Giitebeurteilung der 
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Beschreibungen neuer Bauelemente, ZubehdOrteile und Priifgeriate auf Grund der von Herstellern 


gemachten Angaben. 


Kabelisolation, die entsprechend einge- 
stuft werden kann. 

Das Gerat besteht aus einem Hoch- 
spannungs-Gleichstromgenerator, der nicht 
todlich wirken kann, und dessen Aus- 
gangsspannung stufenlos von 4 bis 20 kV 
regelbar ist, einem elektromagentischen 
Schnellzahler, einem Warnungsanzeiger 
mit Lampe und Klingel und einem Uber- 
lastungsschutz. 

Die Hochspannung wird an eine kleine 
Lochelektrode gelegt. die fiir die Unter- 
suchung der Kabelisolation benutzt wird. 
Jeder entdeckte Fehler oder Bruch in der 
Isolation ruft eine Spannungsentladung 
hervor, die durch den Zéhler registriert 
wird. 

Der gefundene Fehler betitigt das 
Warngerat fiir mindestens 4 Sekunden mit 
Sicht- und Ho6ranzeige. Schnell hinter- 
einanderfolgende Fehler werden durch den 
Ziahler registriert, selbst wenn die Wernan- 
lage der Fehlergeschwindigkeit nicht 
folgen kann. 

Bei einem Dauerfehler wird der auto- 
matische Uberlastungsschutz betitigt, der 
den Hochspannungsgenerator ausschaltet 
und die Warnanlage in Betrieb halt, bis 
Riickstellung durch den Maschinenwarter 
erfolgt. 

Die Schaltung erméglicht eine sehr 
hohe Arbeitsgeschwindigkeit, und ein nur 
fiir 1 msec auftretender Fehler wird 
registriert. Selbst mit einer sehr kurzen 
Lochelektrode kénnen daher Kabelge- 
schwindigkeiten von 915 m/min erreicht 
werden. 
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DIE TRANSISTOR 
AUSSTELLUNG 


Wihrend der Transistor Ausstel- 
lung in Earls Court vom 21. bis 27. 
Mai werden Sie uns auf Stand Nr. 
73 finden. Volle Einzelheiten der 
ausgestellten Fabrikate stehen noch 
nicht zur Verfiigung und kénnen 
deshalb nicht in diesem Heit be- 
schrieben werden. Ein Bericht iiber 
die Ausstellung wird jedoch in 
einem der folgenden Hefte er- 
scheinen. 
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(Ubersetzung der Seiten 304 bis 307) 


SPEICHER-OSZILLOGRAF FUR 
KURZLEBIGE VORGANGE 


(Abbildung Seite 304) 


A. E. Cawkell, 6-8 Victory Arcade, Southall, 
Middlesex 


Das als ,,Remscope“ bezeichnete Gerit 
erweitert wesentlich den Umfang der 
Messungen und Beobachtungen, die ohne 
fotografische Aufzeichnung méglich sind. 


_Cawkell haben friiher die amerika- 
nische ,,Memotron“ Elektronenstrahlréhre 
fiir ihre Speicher-Oszillografen verwandt, 
deren Leistung durch die verhiltnismissig 
langsam ansprechende Rdéhre begrenzt 
war. Jetzt steht jedoch die English Elec- 
tric Speicher- und SichtanzeigerGhre Type 
E 702 zur Verfiigung. Dadurch fallen die 
Beschrinkungen weg und, um von dieser 
Rohre den vollsten Gebrauch zu machen, 
wurde ,,Remscope“ entwicklet. 


Die RGhre E 702 enthialt eine Speicher- 
vorrichtung, die die Aufbewahrung eines 
kurzlebigen Vorganges bis zu_ einer 
Woche erméglicht. In dieser Woche kann 
der Vorgang fiir eine begrenzte Zeit auf 
dem Bildschirm dargestellt werden. Die 
Sichtanzeigezeit, die abschnittsweise Ver- 
wendung finden kann, iibersteigt 15 
Minuten und kann, ausser fiir die schnell- 
sten Signale, bis auf nahezu zwei Stunden 
ausgedehnt werden. Die Helligkeit lasst 
bei den lingsten Anzeigezeiten etwas 
nach, ist jedoch fiir die Sichtanzeige 
ausreichend. Um den besten Gebrauch 
von dem _ aufgespeicherten Bild zu 
machen, kann die Sichtanzeige aufge- 
schoben werden, bis sie bendtigt wird, 
und in diesem Falle ist nur die Speicher- 
einrichtung in Betrieb. Die Sichtanzeige 
kann durch ein Signal automatisch einge- 
schaltet werden. 


Die Nachleuchtdauer ist von wenigen 
Sekunden bis zu 15 Minuten variable. 
Das ist besonders angenehm, wenn ein 
Vorgang in der Versuchsreihe mit seinem 
Vorgiinger verglichen werden soll. Durch 
Einreglung der Nachleuchtdauer des 
ersten Signals kann man es erblassen 
lassen, wenn das dritte Signal erscheint 
usw. Eine Einstellungsinderung wird 
eine Reihenfolgedinderung nach _ sich 
ziehen. 


Die Anzeige wird schnell durch einen 
eingebauten Druckschalter oder einen 
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aussenliegenden Schaltkreis geléscht. Ein 
anschliessbarer Léschsignalgeber mit ein- 
stellbarem Zeitintervall kann _ geliefert 
werden. 


Zunichst wird ein Einkanal-Breitband- 
Y-Verstérker mit Gleichstrom-Differen- 
tialeingabe in einschiebbarer Form gelie- 
fert, um spitere Auswechslung gegen 
andere Verstirker méglich zu machen. 

Da der Oszillograf in erster Linie fiir 
die Untersuchung kurzlebiger Vorgange 
gedacht war, wurde zuverlissigem und 
einfachem Triggering besondere Auf- 
merksamkeit gewidmet. Die Betiatigung 
kann durch Gleichstrom- oder Wechsel- 
stromsignale erfolgen und wird auto- 
matisch, sobald eine vorgewadhlte Span- 
nung iiberschritten wird. 


Ausser den angefiihrten sind auch alle 
zu einem hochwertigen Oszillgrafen ge- 
hérenden Einrichtungen vorgesehen. Der 
Ablenkteil hat einen grossen Geschwindig- 
keitsbereich, der von 3 cm/usec bis zu 
0,1 cm/sec geht. Durch den X-Verstarker 
wird eine fiinffache Ausdehnung ermég- 
licht. Der Y-Verstirker hat eine 0,15 
usec Ansteigezeit, kann aber auch mit 
hoher Verstarkung in einem engen Bande 
arbeiten. Beide Verstirker und die 
Trigger-Schaltung sind durchweg direkt 
gekoppelt. Zur Eichung des Ablenkteiles 
vorgesehene quartzgesteuerte Zeitzeichen- 
geber sind so verriegelt, dass sie 
einen Spannungsmassstab ergeben. Die 
Messgenauigkeit fiir Spannungen ist 
+1%. Geringste Drift ist durch stabili- 
sierte Hoch- und Heizungsspannungen 
gesichert. 
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SCHNELLBLITZROHREN 
(Abbildung Seite 305) 


Ferranti Ltd, Hollinwood, Manchester, 
Lancashire 

Die Abteilung Elektronik der Ferranti 
hat eine neue Kathodenstrahl-Schnell- 
blitzréhrenreihe eingefiihrt, deren Blitz- 
helligkeit in derselben Gréssenordnung 
liegt wie die der fiir fotografische Zwecke 
verwandten elektronischen Gasentladungs- 
lampen. 

Diese Roéhren fiihren die Serienbe- 
zeichnungen CL 60 und CL 70. Im 
Gegensatz zum Normalverhalten von 
Kathodenstrahlréhren leuchten sie iiberall 
gleichzeitig auf und haben den zusitz- 
lichen Vorteil, dass Blitze viel schneller 
aufeinander folgen k6énnen. Blitzfolgen 
bis zu 1000000 per sec kénnen erreicht 
werden. Lange Blitze k6énnen auch 
hervorgerufen werden, sowie solche mit 
besonders feiner Innenstruktur, die aus 
einer Mehrzahl kleinerer Blitze besteht. 


_ Drei verschiedene R6hrentypen sind 
jetzt lieferbar: Die CL 60 Serie besteht 
aus Trioden mit einem 99 mm Durch- 
messer; die CL 70 Serie ist eine Miniatur- 
ausfiihrung mit 25,4 mm Durchmesser, 
und die CL 1 Serie umfasst Dioden mit 
einem 152 mm Durchmesser. Die Phos- 
phorschicht der Rdhren kann in jeder 
Farbe hergestellt werden, einschliesslich 
ultraviolett und infrarot. ,,Weisses“ Licht 
kann ohne die von Gasentladungslampen 
bekannte Spektrallinienstruktur abgege- 
ben werden und erstreckt sich iiber einen 
vorherbestimmten Spektralbereich. 
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DRAHTKONTAKT-RELAIS 
(Abbildung Seite 305) 


Woden Transformer Co. Ltd, Moxley Road, 
Bilston, Staffordshire 

Das Woden-T.S.P. Drahtkontakt-Relais 
wurde eingefiihrt, um die Nachfrage der 
Rechner- und Reglerindustrie fiir ein 
mehrpoliges Schnellrelais zu befriedigen. 

Urspriinglich ist es ein Einsteckrelais 
fiir Einzel- oder Mehrfachfassungen, die 
entweder direkt gelétet oder mit einem 
Schnellstecker versehen werden kénnen. 

Der Baustein besteht aus einem vier- 
poligen Umschaltrelais mit Doppel- 
Drahtkontakten, die leicht auswechselbar 
sind, und ist mit allen festen Kontakten 
in einen einteiligen Formling hoher Durch- 
schlagsfestigkeit eingebaut. Alle festste- 
henden Kontakte werden aus einer Silber- 
legierung hergestellt. 

Die Konstruktion des Relais erlaubt 
Schnellbetrieb mit  Betitigungs- und 
Auslésezeiten. die bis zu 3 msec her- 
untergehen. Diese Type kann fiir Uni- 
versalanwendung Gebrauch finden, hat 
aber besonderen Wert in Rechner- und 
Video -Schaltungen, wo die niedrige 
Kontakt-Kapazitaét besonders wiinschens- 
wert ist. 


Die Kontaktlebensdauer des Relais ist 
voraussichtlich 3000000 Schaltungen. 
Die Kontaktlebensdauer kann durch 
Anwendung von Léschkreisen oder 
Unterbelastung wesentlich erhéht werden. 

Die Abmessungen des _ vierpoligen 
Bausteines sind 44,5 mm x 15,9 mm x 
38 mm. Sechs- und zwélfpolige Relais 
sind. auch lieferbar. 

Die Relais sind fiir eine maximale 
Umgebungstemperatur von 50° gebaut, 
kénnen aber fiir Sonderverwendung 
héheren Temperaturen ausgesetzt werden. 
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MEHROKTAVEN NF FILTER 
(Abbildung Seite 305) 


Peekel. Laboratorium voor Electronics N.V.. 
Alblasstraat 1, Rotterdam 8, Pays-Bas 

Mit Hilfe des Filters kann im NF 
Bereich ein willkiirlicher Frequenzgang 
eingestellt werden. Der Frequenzbereich 
liegt zwischen 30 Hz und 16 kHz und 
wird durch 8 Filter in enge Frequenz- 
binder unterteilt. Jedes Filter kann 
unabhiangig durch ein in Dezibel geeichtes 
Dimpfungsglied eingestellt werden. Die 
Dampfungsglieder sind so  konstruiert, 
dass der Einstellknopf auf einer verti- 
kalen Skala den dB Wert anzeigt und 
gleichzeitig die Lage in einem Koordina- 
tennetz bestimmt, in dem die Frequenz 
als Abszisse und die Déampfung als 
Ordinate erscheinen. Die Einstellknépfe 
der acht Daimpfungsglieder zeigen daher 
augenfallig den eingestellten Frequenz- 
gang. 

Die Durchschnittssteilheit jedes Filters 
ist 30 dB/Oktave, und jedes Filter kann 
von 0 bis —55 dB in —2,5 dB Stufen 
geregelt werden. Einstellung aller Filter 
auf denselben Wert ergibt einen gerad- 
linigen Frequenzgang von 30 Hz bis 
16 kHz. Bei Einstellung aller Dimpfungs- 
glieder auf 0 dB wirkt das Gerdat als 
Verstirker mit Einheits-Verstarkung. 

Die Eingangs- und Ausgangsimpedanz 
des Mehroktavenfilters ist 200 Ohm und 
die Eingangsspannung iiblicherweise 1 V. 
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RGOHREN VOLTMETER 
(Abbildung Seite 305) 
Briiel und Kjzr, Nerum, Diinemark 


Briiel und Kjzr haben ein neues elek- 
tronisches Voltmeter Type 2409 entwik- 
keelt, das fiir Spannungsmessungen aller 
Art von 1 mV bis 1 kV bei 2 Hz bis 
200 kHz geeignet ist. Die beiden Span- 
nungsskalen haben 10 V bzw 31,5 V 
Vollausschlag. Eine Dezibelskala ist fiir 
die Messung von Verstairkungs- oder 
Dimpfungsverhialtnissen vorgesehen. In 
Verbindung mit einem geeichten Dimpfer 
kénnen gemessene Spannungen direkt in 
Dezibel auf 1 V_ bezogen abgeleseu 
werden. 

Zusiatzlich hat das Gerat eine dbm 
Skala fiir Messungen von NF _ Uber- 
tragungsleitungen, Fernsprechleitungen 
usw. Der Bezugswert ist 0,775 V und 
entspricht 1 mW in 600 Ohm 

Das Geriit kann Spitzenwerte, Mittel- 
werte und genaue Effektivwerte der Ein- 
gangssignale messen. 

Zwei verschiedene Messgeritdaimp- 
fungen stehen auswahlsweise zur Verfii- 
gung, um die genaue Ablesung fiir hohe, 
als auch fiir niedrige Frequenzen zu 
erleichtern. Eine der Dampfungskenn- 
linien entspricht der Norm fiir VU 
(Spracheinheitsstarken) Messungen, wah- 
rend die andere fiir niedrige Frequenzen 
bestimmt ist und einen gleichbleibenden 
Ausschlag erzielt. 

Bei Benutzung der Ausgangsklinke 
kann das Gerit als geeichter Verstarker 
eingesetzt werden, der bei geringer Aus- 
gangsimpedanz eine 60 dB. Hochstver- 
stirkung gibt, die in 10 dB Stufen 
regelbar ist. 
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UNIVERSAL-OSZILLOGRAF 
(Abbildung Seite 306) 


Erskine Laboratories Ltd, Scalby, Scarborough, 
Yorkshire 

Der Erskine Oszillograf Modell 5 ist ein 
Universal-Instrument fiir die Beobach- 
tung von Wellenformen und deren Zeit- 
und Amplitudenmessungen. 

Das Gerat ist leicht und kompakt, 
trotzdem aber gut entliiftet, und die 
Bauelemente sind dusserst leicht zuging- 
lich. Die Vier-Anoden-Kathodenstrahl- 
réhre liegt horizontal und wird mit Hilfe 
eines 45° Spiegels beobachtet. Diese 
Anordnung hat mehrere Vorteile. Die 
Lichtabschirmung kann eingebaut werden 
und liegt innerhalb der Gehiuseabmes- 
sungen Die Schaltungen kénnen funk- 
tions massiger angeordnet werden, aufder 
Bedienungstafel sind die Knépfe nicht 
mehr so zusammengedrangt, und die Tiefe 
des Gerites wird nicht mehr durch die 
Elektronenstrahlréhre bestimmt. 

Die notwendigen Eingangs- und Aus- 
gangsverbindungen sind an der unteren 
Kante der Bedienungstafel angeordnet 
und liegen neben den dazugehdrigen 
Schaltungen. Direkt darunter ist ein Auf- 
bewahrungsfach fiir Verbindungsschniire, 
das so lang wie das Gehause ist und 
gleichzeitig als Einlass fiir die Konvek- 
tionsteliiftung dient. Der Auslass liegt 
iiber der Tafel, die geneigt ausgefiihrt ist 
und mit ihrer oberen Kante hinter und 
unter der Gehdusekante liegt. 

Der Oszillograf hat eine stabilisierte 
Hochspannungsquelle, die direkte und von 
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Netzschwankungen unabhingige Able- 
sungen auf kalibrierten Rasterskalen 
erméglicht. Durch eine Verzdégerungs- 
schaltung kann jeder Teil einer sich 
wiederholenden Wellenform bis zu 20 
msec von der Synchronisierungskante 
beobachtet werden. Das Ablenkgerat hat 
neun vorgewadhlte Geschwindigkeiten 
zwischen 3 usec und 30 msec. Die X- 
Plattenempfindlichkeit ist 30 V/cm und 
die der Y-Platten 45 V/cm. Der Y- 
Amplifier hat eine Bandbreite von 
Gleichspannung bis 4 MHz und einen 
Verstirkungsgrad von 100. 
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MINIATUR TOPFKERN-BAUSTEINE 
(Abbildung Seite 306) 


Neosid Ltd, Stonehills House, Welwyn 
Garden City, Hertfordshire 

Der von einem rechteckigen 12,7 mm 
Abschirmbecher umschlossene Baustein 
wurde fiir Transistorenschaltungen und 
besonders fiir Verwendung mit gedruckten 
Schaltungen entwickelt. Der Stiftsockel 
entspricht den Empfehlungen des Britisch- 
en Normen Institutes fiir gedruckte Schal- 
tungen. Die Erdschelle des Abschirm- 
bechers hat die Doppelaufgabe eines Er- 
dungs- und Befestigungselementes Ein 
Gummidruckpolster halt die aufeinander- 
liegenden Kernflachen zusammen, und ein 
4 mm Gewindestift ist fiir die Spulenab- 
stimmung vorgesehen. Die verwandten 
Bauelemente arbeiten unter tropischen 
Bedingungen ohne _ Leistungsverminde- 
rung. Mehrfachwickelmethoden werden 
durch die Konstruktion erleichtert, und 
Teilmontage kann getrennt ausgefiihrt 
werden. Sorgfaltige Beachtung aller Ein- 
zelheiten wahrend der Entwicklung 
erleichtert das Umbiegen der tauchver- 
zinnten Stiftanschliisse vor dem Tauch- 
léten und ergibt gute Létstellen. 


Je nach Anwendungsgebiet und ent- 
sprechend der Spuleninduktivitét und 
Frequenz, kénnen Ferritkerne in ver- 
schiedenen Werkstoffen geliefert werden. 
Fiir niedrigere Frequenzen kann ein Q = 
200 erreicht werden, und fiir 4 MHz ist 
ein Q= 100 méglich. Entwicklungsarbeiten 
fiir eine Giiteverbesserung auf héchsten 
Frequenzen sind im Gange. Die Topf- 
kerne werden bis zu 40 MHz verwandt. 

Bausteine fiir niedrigere Frequenzen bis 
zu 4 MHz kénnen fiir 11 mH gewickelt 
werden und fiir entsprechend geringere 
Werte, wenn die Werkstoffpermeabilitat 
fiir héhere Frequenzen reduziert wird. 

Fiir den Baustein kann der Temperatur- 
koeffizient der Permeabilitaét geringer als 
1 x 10-*/°C gehalten werden. 
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DIODEN-MESSGERAT 
(Abbildung Seite 306) 
R. E. Thompson & Co. (Instruments) Ltd, 
Hersham Trading ee Walton-on-Thames, 
urrey 


Die Strombereiche des Gerites gehen 
von 50 #A bis 5 A und die Spannungs- 
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bereiche von 3 V bis 1,2 kV. Strom und 
Spannung k6nnen gleichzeitig auf ver- 
schiedenen Messern abgelesen werden. 
Alle  Halbleiterdioden, einschliesslich 
Zener-Typen, kénnen volistindig gepriift 
werden, da die Bereiche sowohl fiir Fluss- 
als auch Sperrkennlinien eingesetzt werden 
kénnen. Ein Fluss/Sperrung Umschalter 
kehrt die Ausgangspolaritét um. 


Ein vierstelliger Schalter kontrolliert 
Strom und Spannung an den Ausgangs- 
klemmen und stellt die zugehérigen Mess- 
bereiche ein, wodurch Dioden und Mess- 
gerite einer geringeren Beschidigungs- 
gefahr ausgesetzt werden. Hilfsschalter 
erméglichen die Erweiterung der Mess- 
bereiche und zwar fiir die Spannung auf 
das vierfache und fiir den Strom auf das 
1000 fache (in drei Stufen: 10, 100, 
1000). Kleine Signallampen zeigen die 
in Betrieb befindlichen Messbereiche an. 
Strom und Spannung k6énnen bei jeder 
Schalterstellung mit Grob- und Feinab- 
stimmung geregelt werden. Die Reglung 
erfolgt iiber den eingeschalteten Bereich 
mit zehnstufiger Grobabstimmung und 
stufenloser Feinreglung. 
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OSZILLOGRAF FUR FERNSEH- 
MESSUNGEN 


(Abbildung Seite 306) 


Marconi Instruments Ltd, St. Albans, 
Hertfordshire 


Der Sonderzweckoszillograf Type TF 
1277 erméglicht genaue Messungen der 
fiir die Priifung von Fernseheinrichtun- 
gen—sendern und—funkbriicken  geb- 
rauchlichen Wellenformen. Das Geriat 
kann fiir Farb- und Schwarz-Weiss- 
Fernsehen mit 405, 525 oder 625 Zeilen 
eingesetzt werden und auch als Studio- 
Wellenformmonitor oder hochwertiger 
Universaloszillograf Verwendung finden. 


Das Gerit ist besonders fiir quantita- 
tive Giitebeurteilung eines Fernsehbildes 
nach dem K-Faktor geeignet. Die 
Genauigkeit, mit der die notwendigen 
Priifwellenformen  dargestellt werden, 
erméglicht die Messung von K-Werten, 
deren Grésse unter den Werten liegt, die 
normalerweise als annehmbar fiir die 
Entwicklungsziele bezeichnet werden. 


Freilaufende und getriggerte Ablen- 
kung sind wahlweise vorhanden, und der 
Beginn der Sichtanzeige kann um einen 
verinderlichen Wert verzégert werden. 
Der Ablenkteil kann auch so geschaltet 
werden, dass die Darstellung von Puls- 
und Stangenwellenformen médglish ist, 
oder dass ein Zeichengeber in einem 
Zeilenstroboskop eine zu untersuchende 
Zeile im Monitorbild so moduliert, dass 
sie leicht im Raster erkenntlich ist. 


Der gleichstromgekoppelte Y-Ver- 
starker hat einen im wesentlichen gerad- 
liniegen Frequenzgang von Gleichstrom 
bis 10 MHz mit einer Héchstempfind- 
lichkeit von 100 mV/cm. Eine Empfind- 
lichkeit von 5 mV/cm wird be! Verwend- 
ung eines wechselstromgekoppelten 
Vorverstarkers iiber einen Bereich von 3 
Hz bis 10 MHz erreicht. 

Zwei koaxiale Y-Eingangssockel k6én- 
nen entweder unabhingig oder fiir Dif- 
ferenzmessungen Verwendung finden. Bei 


316 


unsymmetrischen Eingaingen wirde jede 
durch die Erdung der Signalquelle und 
des Oszillografen auftretende Brumm- 
spannung ausgeglichen und dadurch die 
Messung von riickstaéndigen Hilfstrigern 
und Gerduschen bis zu-50 dB hinab auf 
einem 1 V Signal erméglicht. 


Der Frequenzgang des X-Verstarkers 
erstreckt sich von Gleichstrom bis 1 
MHz. Die Dehnung ist zwischen 1x und 
50x variable mit einer Ablenkbreite von 
10 cm fiir die Mindesteinstellung. 
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ABLENKUNGSOSZILLATOR UND 
VIBRATIONSREGLER 


(Abbildung Seite 307) 


Sir W. G. Armstrong Whitworth Aircraft Ltd, 
Baginton, Coventry 

Dieses Gerit wurde fiir den Vibrator- 
verstarkerantrieb entwickelt. Es hat einen 
Frequenzbereich von 10 Hz bis 32 kHz 
und kann +40 g Spitzenbeschleunigung 
genau regeln. Der automatische Fre- 
quenzdurchlauf arbeitet mit sieben Ge- 
schwindigkeiten fiir jeden Frequenz- 
bereich. Der Durchlauf kann umgekehrt, 
an jeder gewiinschten Stelle angehalten, 
und innerhalb des benutzten Bereiches 
beliebig begrenzt werden. Druckknopf- 
Handbedienung kann jederzeit den auto- 
matischen Durchlauf iibersteuern. Signal- 
lampen zeigen die verschiedenen Arbeits- 
weisen an. Ein Rechteckausgangssignal 
kann ein Stroboskop-Flutlicht mit Oszil- 
latorfrequenz oder mit einem kleinen 
Inkrement von 0,5 Hz, 1 Hz oder 2 Hz 
treiben. Bei mechanischer oder elektrischer 
Resonanz nimmt der Vibrationsreglerteil 
des Gerites automatisch die Spitzenbe- 
schleunigungsreglung des Tisches durch 
Einreglung des Vibrationsverstarkerein- 
ganges vor. Sind statt konstanter Be- 
schleunigung andere Funktionen vorge- 
schrieben, so wird zwischen dem Wandler 
und dem Gleichheitspriifer ein Funktions- 
verstarker in die Reglerschleife einge- 
schaltet. 


Der Regler selbst ist fahig, innerhalb 
des 10 Hz—32 kHz Bereiches einzuregeln. 
Die obere Frequenzgrenze in diesem 
Bereich wird jedoch durch die Vibrations- 
anlage bestimmt. Er kann tis zu +40 g 
regeln; aber bei niedrigen Frequenzen ist 
der Tischausschlag bestimmend. 
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NIEDERSPANNIGE 
UNIVERSAL-UMSPANNER 
(Abbildung Seite 307) 
Radiospares Ltd, 4-8 Maple Street, London, W.1 

Diese niederspannigen Universal-Um- 
spanner sind fiir abnormale Spannungen 
in Laboratorien und Fabriken konstruiert. 
Sie sind vollstindig gekapselt und mit 
Harz ausgegossen; alle Verbindungen 
gehen zu Kabelschuhklemmen auf einem 
hochgiitigen Hartpapier-Schaltbrett. Der 
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Umspanner hat sieben Sekundarwick- 
lungen, und die Primarwicklung hat fiinf 
Anzapfungen. Bei entsprechender Serien- 
und Parallelschaltung der verschiedenen 
Sekundarwicklungen kénnen alle Span- 
nungen von 1 V bis 40 V in 1 V -Stufen 
abgenommen werden. Die Gesamtbe- 
lastung des Umspanners darf 90 W nicht 
iibersteigen. 
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AUTOMATISCHER ZAHLER 
(Abbildung Seite 307) 


Societa Elettronica Lombarda, 70 via Teodosio, 
Milan 


Das Gerit besteht aus einem Schnell- 
untersetzer, einem automatischen Pro- 
benwechsler einfacher, stabiler Konstruk- 
tion und einem Zeitschreiber. 


Der Untersetzer, in Bausteinkonstruk- 
tion ausgefiihrt, besteht aus einem Netzteil 
(300-2000 V, Stabilitét +0,05%, Riick- 
holgenauigkeit +0,1%), einem  Ein- 
gangsverstérker (Verstaérkungsgrad 100, 
Ansteigezeit unter 0,2 usec), einem 
Schnelldiskriminator oder einem Einkanal- 
Analysator (5-100 V Schwelle und 1, 2, 
4 oder 8 V Kanalbreite), drei elektroni- 
schen Dekaden mit 1 usec Auflésungszeit 
und einem automatischen Zahler (vorge- 


wahite Zeit 10 bis 9999 sec in 1 sec 
Stufen; vorgewahlte Zahlung 1000 bis 
10°). 

Der patentierte automatische Proben- 
wechsler ist mechanisch sehr einfach und 
stabil. Er kann auf 25 mm Tischen 
30 Proben und auf 50 mm Tischen 
12 Proben unterbringen. 

Die folgenden drei Nachweiselemente 
kénnen durch einfaches Auswechseln 
Verwendung finden: ein Zahlrohr mit 
Endfenster,ein Zahlrohr mit extra diinnem 
Fenster (0,9 mg/cm?) oder Proportional- 
zaihler, oder ein Szintillationszaihler mit 
Alpha, Beta- oder Gammaphosphor. 

Fiir die Zahlrohre wird das billige 
Argon-Butan Gasgemisch benutzt. 


Die Bausteinkonstruktion macht nicht 
nur die Wartung sehr leicht, sondern 
erlaubt auch spiatere Erweiterungen und 
Anderungen, ohne dass das Gerit veraltet. 
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PROPORTIONAL 
TEMPERATURREGLER 
(Abbildung Seite 307) 


Ether Ltd, Caxton Way, Stevenage, 
Hertfordshire 


Mit Einfiihrung des fortlaufend ge- 


steuerten, proportional wirkenden Reglers 
mit Riickstellvorrichtung Typennummer 
995, hat die Ether Ltd ihre Serie der 
Transitrol Temperaturregler auf sechs 
erweitert. 


Transitrol Type 995 ist mit einer 178 
mm Anzeigeskala ausgeriistet, arbeitet im 
Zusammenhang mit einem motorgetrie- 
benen Mischregler und regelt Gas- und 
Olfeuerungen mit grésster Genauigkeit. 
Er kann auch eingesetzt werden, um 
Dampfdruck trotz Wechselbelastung 
gleichférmig zu halten. 


Zur Temperaturkontrolle wird in der 
Messeinrichtung ein normales Galvano- 
meter verwandt. Eine Zeigernase betitigt 
eine einfache fotoelektrische Vorrichtung, 
die ihrerseits den Motor fiir die Regler- 
einstellung kontrolliert. Verwandt wird 
hier ein fiir 24 V 50 Hz gewickelter, 
selbst anlaufender Umkehrmotor mit 
zwei Statoren und zwei Liufern, dies 
koaxial auf einem gemeinsamen Schaft 
sitzen und die Leistung durch gerausch- 
lose genau gefertigte Getriebe auf den 
endgiiltigen Schaft iibertragen. 


Das Gerit eignet sich fiir Wand- und 
Schalttafelmontage. Es ist als Einschie- 
beeinheit ausgefiihrt, um leicht aus dem 
Gehause herausgezogen werden zu kénnen. 
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Zusammerfassung 
der Wichtigsten Beitrage 


Anwendung gedruckter Schaltungen fiir Breitband-Mikrowellenbriicken 


von R. Rowland 


Der Beitrag beschreibt die Verwendung gedruckter Schaltungen fiir die Konstruktion der Trdger- 
frequenz- und ZF-Gerate fiir Breitband-Mikrowellenbriicken und bespricht die dadurch gewonnenen 


Zusammenfassung des 
Beitrages auf Seite 256-261 


Stabilitat und: Gleichformigkeit aufweisen. 
Priifgerdtbedarf wesentlich verringert. 


tungen werden beschrieben. 


Lawinen-Transistoren : Eine Auswertung ihrer Eigenschaften und Anwendung 


Vorteile. Es wird gezeigt, dass die Bausteine billiger herzustellen sind und trotzdem erhéhte Leistung, 
Ausserdem ist die Wartung vereinfacht und der 
Anwendungsbeispiele fiir Bausteine mit gedruckten Schal- 


von R. C. V. Macario 


Die Untersuchung der Eigenschaften einiger versuchsmdassig hergestellter Legier-Transistoren ergab 


Zusammenfassung des 
Beitrages auf Seite 262-267 


gegebenen Ejigenschaften sehr vorteilhaft ist. 


dungsmoéglichkeiten zusammengefasst. 
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Resultate, die einen Uberblick iiber ihre Kennzeichen erméglichten. Die Kennzeichen sind einwandfrei 
den Eigenschaften der Flachenhalbleiter verwandt, was fiir die Entwicklung eines Elementes mit 
Konstruktionsdaten werden besprochen und Anwen- 
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Ein Kardiotachometer-Schnellschreiber von A. W. Melville und J. B. Cornwall 


Das Gerdt wurde fiir Einsatz im Operationssaal entwickelt. Es besitzt eine ausgezeichnete 
Trennscharfe gegeniiber Stérungen, eine wirksame Kontrollschaltung fiir die Impulsamplitude und 
einen Schreiber mit wahlweisen Zeitkonstanten. Eine der letzteren ermdglicht Schnellaufzeichnungen, 
die fiir die Bewertung schnell wirkender Anregungsmittel erforderlich sind. 


Zusammenfassung des 
Beitrages auf Seite 268-271 


Transistoren und Kerne in Zahischaltungen von F. Rozner und P. Pengelly 


Die Verwendung magnetischer Kerne mit rechteckiger Hysteresesschleife und Transistoren als 
Bauelemente in Digital-Rechnerschaltungen hat nun allgemeine Anerkennung gefunden. Der Beitrag 
zeigt, wie diese beiden Bauelemente zusammen eingesetzt werden kénnen, um nichtkritische, zuverlas- 
sige Zahlschaltungen fiir Eingabefrequenzen bis zu 750 kHz zu bilden. Eine beschriebene Abadnderung 
erlaubt die Verwendung der Schaltung als Umschaltzahler. 


Zusammenfassung des 
Beitrages auf Seite 272-274 


Die Speicherladung eines Flichentransistors Wahrend des Abschaltens in der Verstarkerzone}; von R. S. C. Cobbold 


Durch die Lésung der eindimensionalen Diffusionsgleichung fiir einen Flachentransistor Konnen 
Gleichungen fiir Emitter—und Kollektorstréme abgeleitet werden. Diese Gleichungen zeigen eine 
ziemlich gute Ubereinstimmung mit praktischen Ergebnissen, 


Zusammenfassung des 
Beitrages auf Seite 275-277 


Magnetische Kerne mit rechteckiger Hysteresesschleife als Schaltelemente von J. F. Kaposi 


Magnetische Kerne mit ungefahr rechteckiger Hysteresesschleife kénnen wegen ihrer zwei stabilen 
Remenanzpunkte als Schalt- oder Speicherelemente verwandt werden. Der Kurvenlauf der Schleife 
Zusammenfassung des fiir einen Kern dieser Art hdngt z.T. von den magnetischen Kerneigenschaften und z.T. von. der 
Beitrages auf Seite 278-283 — schaltenden Wellenform ab. Die theoretischen Grundlagen fiir Kernschalten mit Spannungs- und 
Stromimpulsen werden in dem Beitrag behandelt, Versuchsresultate mit verschiedenen Kernen und 

einige Spezialanwendungen beschrieben. 


Genaue Messungen der Transistor-Grenzfrequenz von Yasuo Tarui 


Das beschriebene Geradt erméglicht schnelle und genaue 1—Stromverstarkungsmessungen an HF 
Zusammenfassung des Transistoren zwischen 1 MHz und 20 MHz. Der absolute Wert und die Phase kénnen mit einer 
Beitrages auf Seite 284-287 Genauigkeit von 1,5% gemessen werden.§ Eine schnelle Bestimmung der x1—Grenzfrequenz ist 


moglich. 
Ein Miniatur Funksprech-Uberleitgerat von E. J. Allen 
Zusammenfassung des Das Miniatur Funksprech-Uberleitgerat ist trotz vergleichbarer Leistungsfahigkeit sehr viel kleiner 


Beitrages auf Seite 288-290 als herkémmliche Gerdate und erlaubt die gleichzeitige Fiihrung von vier Gesprachen iiblicher Qualitat. 


Ein elektrophysiologischer Verstirker fiir Studenten von P. E. K. Donaldson 


Ein kompakter Einseitenband-Verstarker fiir die Aufzeichnung der Aktionsspannung ausgeschnit- 

Zusammenfassung des tener Nerven und Muskeln ist beschrieben. Das Gerat wird vollkommen vom Netz gespeist. Es 

Beitrages auf Seite 290-291 wird angenommen, dass diese Tatsache, zusammen mit dem einfachen Aufbau, das Gerat auch fiir 
andere biologische Laboratorien interessant machen wird. 


Ein neuartiger Ringzihler von:P. J. Westoby 


Mehrstufige Ringzdhler werden vielfach benétigt. Die iiblichen Anordnungen sind aus den 
angefiihrten Griinden auf ungefahr 12 Stufen beschrankt. Der Beitrag beschreibt eine Anordnung, 
die die Benutzung einer unbegrenzten Stufenzahl erméglicht, ohne dass die den friiheren anhaftenden 
Nachteile auftreten. Die Arbeitsweise wird beschrieben und einfache, die Entwicklung beeinflussende 
Uberlegungen werden angedeutet. 


Zusammenfassung des 
Beitrages auf Seite 295-298 
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EWIIFILM, 


Full details from: 
Nahere Einzelheiten erhalten Sie von: 
Pour tous détails, s’adresser a: 








(INSTRUMENTATION TAPE 
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MAGNETBANDER 


MAGNETIC RECORDING TAPES 


RUBANS MAGNETIQUES E.M.1. POUR L'ENREGISTREMENT 





The world-famous magnetic 
recording tape offering the 
highest technical standards 
and used by leading recording 
and broadcasting organisa- 
tions, industry and science. 
“T7"’ pen tested. ‘88’ general 
purpose. ‘‘99"’ Long Play. 















Produced to the most exacting 
specification and available in 
various standard widths. To 
obtain the greatest freedom 
from surface contamination 
vital in these applications of 
tape recording a system of 
electrostatic filtration, down 
to a particle size of .00001 mm, 
at the E.M.I. tape plant ensures 
that all stages of manufacture 
are carried out under the 
cleanest possible conditions. 


Sprocketed magnetic record- 
ing film designed for all applica- 
tions where absolute synchro- 
nisationisrequired. Thespecial 
micro-polish finish reduces 
head wear by as much as 30%. 
16, 17-5 and 35 mm; fully coated 
only. Single or double perfora- 
tion. Supplied wound oxide 
“in” or oxide ‘‘out’’. 





Dieses technisch erstklassige, 
weltberihmte Magnetband 
wird von den fiihrenden Kon- 
zernen des Rundfunks und der 
Industrie sowie von wissen- 
schaftlichen K6érperschaften 
fir ihre Aufnahmen benutzt. 
“77” mit Feder gepriift. ‘‘88’’ 
fir alle tiblichen Anwendun- 
gen. “99” fir langspielende 
Aufzeichnung. 


Dieses Magnetband wird mit 
der hochsten Prazision in 
verschiedenen Normalbreiten 
hergestellt. Um die Oberflache 
so rein zu halten, wie es fir 
diese Anwendungsgebiete der 
Magnetbandaufzeichnung 
unerlasslich ist, sorgt ein elek- 
trostatisches Filtriersystem, 
das Teilchen bis zu 0,00001 mm 
erfasst, in der E.M.I. Magnet- 
bandfabrik dafiir, dass alle 
Stufen der Herstellung unter 
den denkbar saubersten Ver- 
haltnissen ausgefiihrt werden. 


for cinematographic and teleciné uses 
fiir Film und Fernsehen 
pour les utilisations cinématographiques et télé-cinématographiques 


Perforierte Magnetbander 
dienen fiir alle Anwendungen, 
bei denen es auf vollkommene 
Synchronisierung ankommt. 
Die besondere Hochglanz-Poli- 
tur des Bandes verringert die 
Abnutzung des Tonkopfes bis 
um 30%. Die Magnetbander 
sind oar ganz Le ge ge in 
16 m 17, mm und 35 mm 
Breite. ‘erhdltlich. Sie werden 
sowohl einseitig wie beider- 
seitig perforiert und sind, je 
nach Bestellung, mit der 
Oxyd-Schicht “innen” oder 
“aussen”’ gewickelt erhaltlich. 


ab oo We tee oie t. tane recording 


fiir Tonaufnahmen auf Magnetband 
pour l’enregistrement au magnétophone 


Ce ruban magnétique, célébre 
dans le monde entier et dont la 
qualité technique est incom- 
parable, est utilisé par les 
principales maisons d’enregis- 
trement, ainsi que par les 
stations radiophoniques et les 
installations scientifiques. 
“17"’ éprouvé a la plume. ‘‘88"’ 
pour l’emploi général. ‘‘99"" 
longue durée. 


for computers, instrumentation and telemetry 
fiir Rechenmaschinen, Apparaturen und Fernmessgerite 
pour les computeurs, l’instrumentation et la télémetrie 


Ce ruban est produit conformé- 
ment aux données de la plus 
haute précision et existe en 
différentes largeurs standards. 
Pour réduire au minimum la 
contamination de surface— 
condition indispensable a ces 
applications de l’enregistre- 
ment sur ruban un systéme de 
filtration électro-statique all- 
ant jusqu’aux particules de 
0,00001 mm. assure aux ateliers 
de fabrication E.M.I. les condi- 
tions les plus favorables a la 
production des rubans. 


Film d'enregistrement mag- 
nétique a chaine étudié pour 
toutes les applications néces- 
sitant une_ synchronisation 
absolue. Le fini spécial micro- 
oli réduit jusqu'a 30% de la 
atigue de téte. 16, 17.5 et 

mm., & revétement entier 
seulement. Perforation simple 
ou double. Fourni enroulé 
oxyde “‘a l’intérieur’’ ou oxyde 
“& l’extérieur”’. 





E.M.!. SALES @& SERVICE LTD - HAYES - MIDDLESEX - ENGLAND 
ES/R/48 
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INTERNATIONAL 
TRANSISTOR : 
Exhibition _ 


FOR RADAR 


The English Electric Valve Company supply a complete 

range of electronic valves for radar. Magnetrons, thyratrons, 

klystrons and rectifiers are among the different types manu- 

factured, and users and others interested are invited to write 

to the company for further details. A few typical examples 
are shown below. 





EARLS COURT 
MAY 21-27 





iT} 


STAND No. 23 


HARD-VALVE MODULATOR 
THYRATRON 5C22/HT415 C1133/4PR60A 

This valve meets all the 
requirements of military and 
commercial specifications 
with theadditional advantage 
of smaller bulk. Conditioning 
at 30kV and rigorous testing 
ensure thoroughly reliable 
operation right up to the 
maximum peak anode vol- 
tage and current ratings of 
25kV, 18A. 


A hydrogen-filled pulse mod- 
ulator triode designed to 
discharge pulse forming net- 
works in high power, high 
voltage pulse generators. 
Short deionisation time and 
low jitter provide for precise 
triggering at high repetition 
frequencies. A very full range 
of types is available. 















MAGNETRON 2]42 
KLYSTRONS 


The full range 
of klystrons 
produced by 

EEV contains 
types which 

operate into Standard X-Band 





ELECTRONIC ENGINEERING 


Full details of this magnetron 
and others in the EEV range, 
which is the widest in Europe, 
will be sent on request. 
Magnetrons can be supplied 
packaged or unpackaged 
with peak output powers 
from 5kW to SMW. 


ENGLISH 

















ELECTRIC: VALVE CO. LTD. 





British Waveguide and others which usé 

Standard Waveguide 16. The frequency 

coverage can be varied within certain 

limits to meet the requirements of 
equipment designers. All valves 
are supplied with integral 
resonant cavity. 





Chelmsford, England 
Telephone: Chelmsford 3491 
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1959 





iL 


1959 





EE 9106 for further details 


brandenburg high voltage engineering 





10, 20 and 30 kilovolt regulated supply 


output | to 10 kV at 2 mA. Model A 
2 to 20 kV at | mA. Model B 
3 to 30 kV at $ mA. Model C 

input 200/250 volts, 50 cycles 
polarity positive or negative grounded available 
regulation against full load: better than 0.5°,, 

against mains variations 
+5%,—10%. Better than 1%, 
5” Ernest Turner movement 
current metering jack 
standard 19” x 103” P.O. panel 
for rack mounting or bench use 


£125 ...... 


50 kilovolt regulated supply 
Model $0550 


output 50kV at }mA 
Type $0530/5, model C input 200/250 volts 
polarity positive or negative grounded available 
regulation against full load: better than 1% 
against mains variations :+5°/,,—5%,. Better than 1% 
dimensions W: 254” H: 23” D: 113” 


CE men 











regulated unit power supply 


a compact and finely engineered 
instrument at a remarkably 
low price 


type DTR—3 models 


output volts 350 V, nominal. Model 350 
300 V, nominal, Model 300 
250 V, nominal. Model 250 
any two of these models may be used in series 
output current 0-200 mA maximum 
heater supply two supplies at 6.3 volts, 3 amps each 
polarity reversibie 
effective resistance 0.! ohm 
stability against + or — 10°, mains change: 0.02”, 
Regulated unit power supply—type DTR 300 ripple less than | mV 
input 100/125 volts—200/250 volts, 45 60 cycles 
dimensions 9 = 9 x 74” high 
supplied with sturdy fixing brackets 


£39.10.0 .... 


Contractors to the 


regulated D.C. power supplies by Brandenburg Finisery oi Scpply 








Brochure on request For further details of the Brandenburg range of standard and specialized equipment, please write for brochure 


BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 
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WHAT 

IS A 
BEAUTIFUL 
SHAPE? 


Why. is one shape considered attractive 
and another ugly? This question is one 
which mathematicians may soon be 
able to answer. Our photograph (copy- 
right Science Museum London) shows 
a geometrical model of a three-dimen- 
sional surface, constructed by Mr. John 
Harvey, to illustrate mathematical 
principles. The equation for thesurface 
is given below. The model is housed in 
the South Kensington Science Museum 
who kindly provided this picture. 


(x+¢y*)’?+ (z—y**)’=a(k?—y’)® 


CURTA CALCULATING MACHINES are fast becoming the 
constant companion of mathematicians, scientists, and technicians 
everywhere. For larger firms, a rental scheme is now available 
which will enable technical staff to increase their efficiency by 
the use of these machines at low cost and entirely out of revenue. 


Write for full details. 


CALCULATING MACHINES 


LONDON OFFICE MACHINES LTD. on hg me have details of CURTA calculating machines 


Terminal House, Grosvenor Gardens, S.W.1. SLOane 0407 (4 lines) 
Branches at: Belfast, Birmingham, Bristol, Dublin, Edinburgh, Glasgow, Name 
Leeds, Manchester, Newcastle, Nottingham, Southampton. 
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TELCON METALS 
AND THE DE HAVILLAND 
FIRESTREAK 








We are proud to be associated with DE HAVILLAND PROPELLERS LTD., in the manufacture of the FIRE- 
STREAK guided missile. The majority of electronic assemblies used in this missile embrace compo- 
nents which depend on our alloys —-MUMETAL, RADIOMETAL and H.c.R.,— for their exacting operation. 

Other Telcon alloys such aS PERMENDUR, RHOMETAL and BERYLLIUM COPPER —Cu.Be.250 (DTD.900) 
are also widely used by the Aircraft Industry. We are manufactures of super pure basic metals and 
alloys for the instrument, electronic and aircraft industries. Our range includes: 


SOFT MAGNETIC ALLOYS 


Supermumetal 
Radiometal 
Super Radiometal 
Rhometal 


Supermendur 


Permendur 


HCR Alloy 


H.S. Alloy 


High permeability. 


Nickel Iron Alloys for cores 
and laminations. 


High permeability 
Cobalt-Vanadium. 

Iron Alloys with high saturation 
for light-weight generators and 
vibration test gear. 


Rectangular hysteresis Loop 
Nickel-Iron Alloy for magnetic 
amplifiers and reactors. 


High-speed switching alloy for 
computors and magnetic 
amplifiers. 


DUCTILE HARD MAGNETIC ALLOY 


Vicalloy Permanent magnet alloy 
_ (Cobalt-Iron-Vanadium) of ductile 
and machinable quality. 


BERYLLIUM COPPERS 
CuBe 50, CuBe 100, CuBe 275, 
CuBe 250 to Specification DTD 900. 
High tensile strength, fatigue re- 
sistance, and conductivity alloys. 


THERMOSTATIC BIMETALS 


Various grades for instrument 

protection, and compensation- 
overload protection of motors, 
synchros and similar electrical 
devices. 


Most alloys are available as strip, rod, bar or wire, and enquiries 
are invited for ultra-thin magnetic materials for high frequency 
applications. A.1.D., A.R.B., and Admiralty approved. 


TELCON METALS 









1959 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CoO. LTD. 


Enquiries to: Metals Division, Telcon Works, Manor Royal. Crawley, Sussex. Crawley 1560 
Head Office: Mercury House, Theobalds Road, London WC1. Holborn 8711 
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Accent on the NEW Precision Resistor ‘ 
G 
m 
* e . 
... PLUG-IN for rapid range changing i 
E 
Accuracy, craftsmanship and prompt delivery have made %* Accuracy + 0.1% tc 
the name of Rivlin synonymous with Electrical Precision in 
Resistors throughout Industry. Now, skilled design, 
backed by the highest standards of craftsmanship, has * Range 50 to 200 ka W 
resulted in an entirely new Precision Wire Wound 
Resistor Type P.201 that can be plugged into an Electro * Rating { watt. Other ratings available to T 
Methods type D2 socket. Gold-plated Phosphor special order. 
Bronze pins ensure strength with consistent low ohmic 
contact resistance, whilst the tough resin encapsulation x Temperature coefficient 0.002°. per °C 


will withstand extremes of temperature and humidity. 


RIVLIN INSTRUMENTS LIMITED 
Doman Road, 2 : Scar 
Camberley, Surrey. 
Tel: Camberley 2507/8 
London Office : 


Tel: Swiss Cottage 3038. 
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SERVOCOMPONENTS 


























Pullin-Kearfott Motor Generators 


(Left) The Pullin-Kearfott Size 10 Motor-Damping 
Generator Type R807 for damping applications 
where high accuracy, small size and low inertia are 
required. The low in-phase null makes the R807 ideal for 
simple rate servos. See also R800, R8o1 and R806, high 
performance Motor-Damping and Motor Rate Generators. 








, Stall Torque| Output volts NA NR 
Size Type grm/cm |at 1000 r.p.m. 400/cs LP A Teh FEO TITS 
lo | R807C 25 0.4 26v. Operation. Fe 
10 R807GC 35 0.5 20v. Centre Tapped. Pullin- 
Mk. 18 Mod. 2 

15 | R800 105 3 Mk. 12. Mod. 0. Kearfott 
15 R800G 105 3 20v. Centre Tapped. Servo 
18 R801 172 3 Mk. 16. Mod. 0. M 

otors 
18 R806 205 3 High Power. = 





























B. PULLIN’S long precision Size Type 





instrument engineering 


10 RH 118B High Temperature 
10 R 124G 20v. Centre Tapped 
10 R 124S 40v. Centre Tapped 


experience, allied to the 
development of new manufactur- 


ing processes and techniques, is 














evident in the. specification and 


high performance of Pullin and 


| 4 Pullin-Kearfott Synchros 


High precision units to N.A.T.O. and Bu-ord 
standards, Sizes 11 and 18, 400 c/s 11¢v and 26v 
operation, Range includes a 7 terminal Size 11 
Control Resolver Rg82-21B—BuOrd 11R13Nq4. 





Pullin—Kearfott components. The 
combined resources of the Pullin 
Group offer design and develop- 
ment service in all branches of 


instrument engineering. 


ENGINEERS: We are always pleased 
to hear from qualified engineers secking 


interesting and progressive development 





work ina live and expanding company. 


HE PULLIn GROUP 





Pa 





R. B. PULLIN & CO. LTD. “<a ; 
Measuring Instruments (Pullin) Magnetic Output Amplifier : 4 
Ltd. Types R ride ] ° ° 
ypes R6o1/604 to provide contro 
Aldis Brothers Ltd. phase power for the complete Transistor Amplifier T.A.1.G 
The Pullin Optical Co. Ltd. range of Pullin-Kearfott servomotors A miniature resin-moulded germanium tran- 
Stanley Cox Ltd and motor generators, sistor amplifier for use with size 10, 11 and 


1¢ servomotors. 


R. B. PULLIN & CO. LTD. 


PHOENIX WORKS: GREAT WEST ROAD: BRENTFORD: MIDDLESEX 
Cables : PULLINCO - WESPHONE LONDON __ Telephone: ISLEWORTH 1212 


Donvin Instruments Ltd. 
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announce that they will be pleased to receive enquiries 
for moulded and encapsulated components in epoxy or polyester 


resins. These, together with fibre glass cases, can be manufactured 
to customers’ own specifications. 





miles hivolt¢ itd. 


93, PRINCEDALE ROAD, W.11. Telephone: PARK 5073 
and TENAX ROAD, TRAFFORD PARK, MANCHESTER 17. Telephone: Trafford Park 0700 
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small size i Big Z Performance 


Performance Plessey ‘E’ type electrolytic 
capacitors give exceptional capacitance per 
unit volume due to their sintered porous 
anodes plus the familiar stability of 
tantalum oxide dielectric. 
* Diameter only -25 in. (6-35m.m.) 
% Temperature range —55 to 85°C 
% Capacitance tolerance —20 to + 50% 
% Leakage current 0-5yA (Max) 

after 3 minutes at rated voltage 


‘CASTANET’ TANTALUM ‘E’ Type Capacitors 


Range 4uF., 70 V.d.c. to 200pF., 3 V.d.c. 
OTHER TYPES: ‘A’—souF 70 V.d.c. to 750uF 3 V.d.c. ‘f’—1uF 70 V.d.c. to 20uF 3 V.d.c. 








*@¢¢8660@60466666 6 6 @ A. &..6.6.0 6.6.0.4 6.4 6 D> ©. 6 6 6 8 6 BS 8 2 6 OS SS 8 OS 6 OSS 86-8 Se 


e424 €¢. 0&2 S624 © 4 @ 


Application Particularly useful where long 
life, low leakage current and wide tem- 
perature range are important ; their small 
size and electrical characteristics make 
them especially suitable for use in transistor 
circuits. Write for Publication No. 111, 
which gives details of the complete range. 





¢¢ 6@¢@€¢463686 486.0468" 


: THE PLESSEY COMPANY LIMITED Plessey 


Chemical & Metallurgical Division - Components Group 
. Wood Burcote Way - Towcester - Northants - Tel: Towcester 312/6 





Overseas Sales Organisation: Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 
‘CASTANET’ is a Registered Trade Mark 


Ss 6@¢€6-606 6689 6 6 6 
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Captured on the screen for leisurely 
examination or for photography 
—that’s the way the new Solartron 
Infinite Persistence Oscilloscope 


tackles a transient. 


Two channels for correlation of interdependent 
phenomena, full-screen sweep in a few micro- 
seconds or a hundred seconds, push-button 
erasing and stabilised brilliance of display —these 
are just a few reasons why the Solartron IPO is 
quickly taking the lead in visual instrumentation 
of ‘ once-in-a-lifetime’ and transient phenomena. 

No need now to waste film waiting for non- 
recurrent signals, every frame exposed to your 
IPO screen will be significant—a certain step 
forward in your investigations. 





5 





From the specification, here are salient features which at once 


denote high sensitivity and an extremely wide field of application. 


% D.C. to 1 Mc/s bandwidth (3 db) 

%& Maximum sensitivity 10 mV/centimetre 

%* T.B. delay continuously variable to 100 Sec. 
% Identical ‘X’ and‘Y’ input channels 

% Direct time and voltage calibration 


% Triggering in these modes: 
(a) Repetitive operation 
(6) Singie-shot with * lock-out’ 
(c) Push-button with ‘ lock-out’ 
(d) Delayed, using internal generator 
(e) From signal, after adjustable delay period. 


LART RON Write now for literature. 


} THE SOLARTRON ELECTRONIC GROUP LTD. 


ba 
See aoe ll a= 


Thames Ditton, Surrey, England Telephone : Emberbrook 5522 


ELECTRONIC ENGINEERING 


Telegrams and Cables : Solartror., Thames Dittor: 


International Telex : 23842 ( Solartron T.Dit.) 
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When it’s a question 
of accurate 
measurement... 


(JET) TRANSDUCERS 


are the answer... 











High Pressure Displacement 

TYPE 448 (illustrated). Standard TYPE 542. Measures axial dis- 
barrel type. Robust construction, 
Up to 50,000 Ibs/in?max. 

TYPE UP. Wide frequency 
response. Gauge or differential 
models available. 


placement down to 0.001”, 
Additional new models available 


shortly. 


low Pressure ; Low Frequency Vibration 
TYPE SB. High resolution 0.5% 


to 0.7% Differential models TYPE LA2. Maximum slider 
available, current 5mA, Linearity including 
TYPE 548. Bourdon tube poten- hysteresis | 1% 


/o* 
tiometer with range up to 3,000 
Ibs/in?. 


Force High Frequency Vibration 

TYPE UD. Linear response. TYPE A12. Small mass. May be 
Ranges 0-2 0z to 0-32 oz. - 
TYPE 348. Output 3mV/V 
applied. Suitable for direct con- 
nection to indicating instrument. ation 1000 g. 


adhesively fixed to vibrating 


surfaces. Max. applied acceler- 


Write for full details to: 


J. LANGHAM THOMPSON LTD. 








BUSHEY HEATH, HERTS. 


Telephone : Bushey Heath 2411 (4 lines) Grams & Cables : ‘Tommy Watford’ 
AD/Ci 
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CONNECTORS 












THORN AN SERIES 


The Thorn AN series of electrical connectors includes solid shell/ 
general purpose, pressurised and environmental resisting ranges. By 
specifying Thorn, designers are assured of a genuine AN connector for 
their installations . . . a connector designed strictly to the current 
MIL specifications. 


Note these outstanding design and operating features. 
% Die-cast aluminium alloy shells cadmium plated for corrosion resistance. 
* Resilient insert eliminates shrinkage problems and ensures superior 
electrical performance through high arc resistance, high dielectric 
strength and low moisture absorption. 


* Thorn grommet increases flash over and creepage distances, excludes 
dirt and moisture. 


* Pressurised, water-tight, radio-quiet assembly. 
* Maximum performance, minimum weight. 
































THORN PYGMY PT SERIES 


A new range of miniature connectors that satisfy the requirements of 
R.C.S. 321 (Category 40/100, class H.2 sealed items). Thorn Pygmy 
connectors are ideal for applications where space is limited and weight 
represents a critical factor of the installation. 

* Heavy gold plating over silver on all contacts. 


* Performance unimpaired over a continuous temperature range from 
—40” to +100°C. 


* Visual and audible inspection of coupling—perfect for “blind” locations. 


* Three-point bayonet lock; perfect axial alignment of mating parts at 
all times. 





* Five-key polarisation—positive protection against mis-mating or cross 
plugging. 
* Miniaturised—light weight—compact. 











THORN ELECTRICAL INDUSTRIES LTD AIRCRAFT COMPONENTS AND CONNECTOR DIVISION 
GREAT CAMBRIDGE ROAD ENFIELD MIDDLESEX TEL: ENFIELD 5353 
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The market-place of a Roman town A.D.350. 








A STANDARD 




















N the steps of the Roman legions that conquered 


| 


under Roman law and administration, commerce and 


Britain came the merchants and settlers. Secure 





agriculture flourished, and Ancient Britain experienced a 


tu 
> 


period of peace and prosperity it was not to know again 


cu 
6 


until long after the Dark Ages. 


In government, as in many other fields, the Romans set a 





standard which few have equalled since. 
In cable making too, standards are of vital importance, 


For over 100 years members of the Cable Makers Associ- 


ation have been concerned in al] major advances in cable 









making. 
Sess. } 2° 
Together they spend over one million pounds a year on 
' research and development. The knowledge gained is 
available to all members. 
4 This co-operation has contributed largely to the world-wide 
prestige that C.M.A. cables enjoy, and it has put Britain at 
the head of the world cable exporters. Technical intor- 
mation and advice is freely available from any C.M.A, 
member. 
MEMBERS OF THE C.M.A. Insist on q 
British Insulated Callender’s Cables Ltd - Connollys (Blackley) Ltd. 
Enfield Cables Ltd - W. T. Glover & Co. Ltd Greengate & ° 
Irwell Rubber Co. Ltd - W. T. Henley’s Telegraph Worla cable with the 
Co. Ltd + Johnson & Phillips Ltd - The Liverpool Electric Cable 
Co. Ltd + Metropolitan Electric Cable & Construction Co. Ltd. C.M. A. label 


Pirelli-General Cable Works Ltd. (The General Electric Co. Ltd.) 
St. Helens Cable & Rubber Co. Ltd - Siemens Edison Swan Ltd. 
Standard Telephones & Cables Ltd - The Telegraph Construction & 
Maintenance Co. Ltd. 






The Roman Warrior and the letters‘C.M.A.” are British Registered Certification Trade Marks. 


CABLE MAKERS ASSOCIATION 


CABLE MAKERS ASSOCIATION, 52-54 HIGH HOLBORN, LONDON, WC: TELEPHONE HOLBORN 7633 
CMA 21 
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TECHNOGRAPH 
PRINTED 


CIRCUITS 





Typical Electronic Controller 
Circuits made for 
Elliott Brothers (London) Ltd. 





GO 
HAND IN GLOVE 
WITH 
TRANSISTORS 


WE SPECIALISE SOLELY IN PRINTED CIRCUITS IN ALL THEIR APPLICATIONS 


TECHNOGRAPH ELECTRONIC PRODUCTS LTD. 


FLEET, HANTS. 
Fleet, 14147 


LONDON OFFICE :—EROS HOUSE, 29/31 REGENT STREET, S.W.1 REGENT 5273 5 


CONSULT US ON ANY PRINTED CIRCUIT PROBLEMS YOU MAY HAVE 
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NOW—a moving coil relay 
for tough industrial use 


MOVING COIL RELAY Type SB2 


This robustly made relay will stand up to the wear and 
tear of industrial use. It is proof from damage by 
shock or vibration and the floating bearings ensure long 
life and reliability. The powerful coil movement gives 
a high contact pressure and the contacts themselves, 
gold mating on platinum, can be adjusted from outside 
over the whole scale. 

Proof voltage between contacts, coil frame and 
earth—500 V.A.C. Maximum contact voltage 30 v. 
Insulation resistance: 10,000 MQ min. between contacts, 
coil frame and earth. 


relatos Melellelgler-iomelassletiila= 
miniature microphone that’s 


‘MADE IN GT. BRITAIN’ 


MICROPHONE Type LE 


Photograph showing actual size. 





This microphone incorporates the design and manufacturing skill that 
is characteristic of all Besson micro-components. And the financial 
advantages over imported microphones are obvious. 





The Type LE. Microphone is designed to operate with transistor 
amplifiers and will match into the average transistor which may have 
a resistance of 1,500—3,000 ohms. The microphone impedance 
is 3,000 ohms measured at 1,000 cycles and the resistance is 360 
ohms. It is made to operate within a temperature range of 20 
to 115°F, but can be specially treated to operate at much higher 
temperatures if required. 


Send for technical leaflets to the SOLE SELLING AGENTS: 


ST. HELEN’S AUCKLAND, CO. DURHAM 


Phone: West Auckland 551/5. Grams: Solenoid, West Auckland. 
Birmingham Office : 7 Newhall Street, Birmingham 3. Phone : Central 390! 





Manufactured by: A. P. BESSON & PARTNER LTD., St. Josephs Close, Hove 4, Sussex. 


TIB 114 
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The NEWEST FASTEST Transient 
Storage Oscilloscope 


CAWKELL “REMSCOPE” 


7 DAYS * 
STORAGE 


WRITING SPEED 
OVER 2 cm/s 


IMMEDIATE 
VIEWING 


CRYSTAL +’ 
TIME MARKERS 





2 HOURS 
VIEWING 


+’ RISE-TIME 
0-158 


EXTREME 
CONTRAST 


te "% VOLTAGE 
MEASUREMENT 





The new Cawkell “‘Remscope’’ offers 
all the facilities of a wide-range, high- 
grade oscilloscope plus the ability to store 
fast transient signals for inspection and 
measurement. A new cathode-ray tube 
with improved performance over types pre- 
viously available ensures a brilliant clear 
display against a dark background, more- 
over the tube cannot be damaged by using 
it at low writing speeds. 


To ensure maximum usefulness an 





extremely wide range of time base speeds 
and very comprehensive and reliable 
triggering facilities have been provided. 


Write now for full details 


CAWRELL RESEARCH & ELECTRONICS LTD 
SCOTTS ROAD 
SOUTHALL - MIDDLESEX 


Telephone: SOUThal! 3702/5881 
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FORMICA for electrical insulation 


industrial laminates 


paper, fabric, and glass-based laminates 





Copper-clad. Engraving and printed material 


FORM:CA LIMITED, DE LA RUE HOUSE, 84/86 REGENT STREET, LONDON, W.1 * FORMICA /s a reg/stered trademark 
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PRECISION GEAHS 




















a of mear perfection 


; Here is a _ chart—selected at random—showing 

the recorded errors in pitch, tooth thickness, 
bo profile and pitch circle run-out, all contained 
48 within a deviation of 0°0002” from a straight 


line. : 
er Pi It is a_ typical result of. years of close 
ri 2 ~ : ¢ P + amt study of all aspects of gear produc- 
. ++ a tion, including that of fine pitch 
‘\ gear shaving. 


















































: : ‘ y We invite your enquiries— 
* a” for gears of a similar standard, 
bo & 4 rm which is of course superior to that of 
te : ~ DIRECTORATE OF NAVAL ORDNANCE, 

+ - ,% CLASS 1. 

+ 4 od Also for Gear Assemblies to meet the require- 

LE. ments of the most exacting Test Specification. 
4 As supplied to leading firms in the 
< Radar and Electronic Industry. 

: “4 

Scientific & Projections 


LIMITED 


Kidbrooke Park Road, Kidbrooke, London, S.E.3' 
Telephone: LEE GREEN 2112 
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which combines:—the resilience of the hydraulic coupling and the positiveness 
of the frictional coupling. It is revolutionary in that driving and driven elements 
are coupled by magnetically-activated particles. It has these advantages :— 


Accurate torque control Perfectly smooth operation 
No mechanical engagement and thus negligible wear No slip rings—excitation coil is stationary 
Accurate torque limiting slip on overload Remote control at any distance 
Acts as brake or coupling in either direction Dynamic and static coefficients of friction equal 


The range comprises eight standard units with torque capacities from } to 200 lb/ft. 


SMITHS Magnetic Particle COUPLING is unique, its potentialities enormous. 
Let us advise you, therefore, how best to use it in your particular field. 
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Table sh owing comparative characteristics and special features 


DEKATRONS The most comprehensive range of 
glow-transfer scaling tubes in the world 


Described as the most significant advance in the technique of slow 
FEATURES INCLUDED IN THIS RANGE 


and medium speed counting during the last decade, Dekatron scaling tubes 
have logged hundreds of thousands of unfailing working hours. 


BI-DIRECTIONAL COUNTING << Leading manufacturers of counting, timing and measuring instruments 
prefer these reliable tubes because they allow simplified circuitry, 
SPEEDS UP TO 20,000 COUNTS PER SEC. << replace a number of thermionic tubes, operate at low current, 
dissipate negligible heat and are moderately priced. 
ONLY RANGE TO INCLUDE 10 OR 12 CATHODE TUBES < Available in decade and duo-decade types, the Dekatron is the origina! 
and the leading counting tube for superior performance. 
ACCESS TO ONE, FOUR OR ALL CATHODES << Are you taking full advantage of the economy, long life and 
versatility of these cold-cathode scaling tubes? 
NO SHAPING OF INPUT WAVEFORM NECESSARY <4 If you would like more information please write to:— 


THE TECHNICAL SERVICES DEPT., 


ERICSSON eas 





DEKATRON IS AN ERICSSON TRADE MARK 


ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 22 LINCOLNS INN FIELDS, LONDON, W.C.2. Tel: HOLborn 6936 


ORIGINATORS AND SOLE MANUFACTURERS OF DEKATRON SCALING TUBES E1I15A 934 
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For Electrical Insulation 


in all its forms... WV) Fy 


REGD. 


Electrical Insulation 





A complete electrical insulation service is offered by the DELANCO 
Organization to overseas buyers. Materials include paper and linen based bakelite sheet, rod and 
tube. Vulcanized fibre, presspahn, bakelite tube, copper clad bakelite for printed circuitry, and 
components machine stamped and formed in all these materials. 
Our mica division can offer excellent service and finest quality 
workmanship from tools made in our own tool rooms. 






























RADIO VALVES CAPACITOR 


Bridges and separators MICAS 
in all grades of mica, 


precision machined to These are made in 





tolerances of down to many grades of Delanco 
.0001 inch or plus and pure mica and are stamped 
minus 2 microns. from specially designed 
A quality control and tools to ensure maximum 
inspection department accuracy. 
ensures highest degree of 
accuracy and quality Samples of these are also 
before despatch. available free on request. 





HIGH WATTAGE LAMPS 


Lamp discs made from many grades 

of mica to suit all types of lamps. Again 
close tolerances and quality control 
ensure accuracy and finish to highest 
standards. All tools made in our own 
extensive tool rooms. 

Samples and technical data are free. Ask for 
DELANCO MICA INFORMATION 
FOLDER. 





HIGH HEAT COMPONENTS 


We are currently producing bobbins and other components in 
high heat resisting materials, capable of working at 

temperatures in excess of 250° Centigrade. Samples and technical 
data available on request. 


The DELANCO insulation materials catalogue covering all 
insulation materials will be sent on receipt of your instructions. 








Anglo-American Vulcanized Fibre Co. Ltd 


CAYTON WORKS BATH STREET LONDON E.C.1. CLE 3271 Grams:PROMPSERV AVE, LONDON 





DELANCO WORKS ® LEONARD STREET « LONDON €E.C.2 
VULCANIZED FIBRE + LAMINATED BAKELITE -+ LEATHEROID + MICA + COMPOSITE INSULATIONS + EBONITE + PRESSBOARD 
PRESSPAHN + CLOTHS, TAPES AND SLEEVINGS + PRESSED, TURNED AND MACHINED COMPONENTS 
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SERVOMEX 





7330):7-Vel ae in, 





Extend their range of servo sub-assemblig wi 





Servo Amplifier Type SA.61 


A balanced DC amplifier for 
driving the field coils ef standard 
40-0-40 mA split field motors. 
Gain 2,000 mA per volt. Drift 

50 mV day to day. H.T. required 
is 120 mA at 350 volts. 


U.K. price £17 


ELECTRONIC ENGINEERING 


in association with 


Stabilised Power Unit DC.68 


A conventional stabiliser for 
supplying the servo-amplifier or 
for general use. Output 250 to 
350 volts 0-150 mA and 85 volt 
1mA reference voltage. Unstabil- 
ised 6.3 volt heater supplies total 
6.7 Amps. Under the WORST 
conditions of mains and load 
the voltage is held to better than 
+ 0.5 volts day to day. 


U.K. price £35 


128 












Armature Supply Unit AS.69 
A high impedance “constant © 
current” supply for the armatut 
of DC servomotors giving nomi 
0.35 or 0.5 Amps. DC. Up tol 
volts the output resistance is 
about 660 ohms. 


U.K. price £22 
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It CHASSIS J 


are your 
interest 


% No delay in getting your ideas put into practice. 


%& No need to interrupt your smooth flow of quantity production to produce Experimental 
Chassis. 


% Lektrokit Experimental Chassis can be modified quickly and simply. 


% A wide range of accessories permit the construction of bench or rack mounted units for 
permanent use. 


% Units can be fitted together almost indefinitely in a variety of ways. 





ELECTRONIC CHERTSEY ROAD 
e . INDUSTRIES BYFLEET : SURREY 
A p | LIMITED PHONE: (BYFLEET wil234 
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Audio Power Valves 


for 

Relay Services 

Public Address Systems 
Vibration Equipment 





TY7-6000A 





Mullard audio power valves are available both for new 
equipment designs and maintenance. Full data for these 
power valves and details of xenon and mercury vapour 
rectifiers for associated power supplies are readily obtainable 


from the address below. 





AUDIO POWER AMPLIFLER VALVES 


























| . Power Output 
Type pa max.| Va max. Tk max. (2 valves) 
No. (watts) (kilovolts) (amps) i (kW) 
For j Triodes | 
Maintenance ) MZ2-200 275 2.4 0.4 1.2 
MY3-275 275 3.0 0.5 1.3 
TY2-125 135 2.5 0.25 0.7 
TY3-250 250 3.0 0.48 1.3 
TY4-500 450 4.0 0.7 2.4 
For New TY7-60004 6000 7.2 2.8 20 
Equipment Tetrodes 
TY3 250 QY3-65 65 3.0 0.22 0.27 
ii QY3-125 125 | 3.0 0.32 0.55 
[ee QY4-250 250 | 4.0 0.45 1.2 





POWER RECTIFIER VALVES 

















: | Max d.c. out- Typical 
bag ae reel put current heating up 
_— (kilovo " (amps) time (secs) 
RG1-240A 6.5 | 0.25 60 
| 
Mereury RG3-2504/866A} 10 | 0.25 60 
Vapour 
RG3-1250 13 | 1.25 60 
~~ | 
\ “a 10 | 0.25 10 
Xenon < Spain 
} ae ed 10 | 1.25 30 




















»AD GOVERNMENT AND 
REY INDUSTRIAL VALVE DIVISION 
| 1-2-3-4 Mullard Limited - Mullard House 

FLEET Torrington Place - London - WC1 - Tel: LANgham 6633 


FP) MVT 357 
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The Semiconductors range of Computer Transistors, designed and tested to the special 
requirements of computer engineers, is the key to a new order of computer speed and 
reliability. Overall reliability is further increased by making possible a substantial reduction 
in the number of associated components. 


The two types of Silicon Alloy Transistors shortly going into production will make it 
possible to extend this high-speed computer performance into ambient temperatures well 
above 100°C. Samples are available now. 





























TYPE DESCRIPTION RISE TIME Vc max Ic max 
millimicroseconds 
SB 344 General purpose transistors for 
SB 345 conventional logic circuits. 50 Sv smA 
ne Designed ~, directly coupled 
° circuits. ontrolled input, 
SWITCHING SB 240 Saturation and hole storage 30 6v 15mA 
characteristics. 
GERMANIUM 
High gain transistor for high- 
MA 393 speed driving of parallel circuits. 30 6v 50mA 
Ultra-high speed transistor with 
2N 501 controlled input and saturation 10 12v 50mA 
characteristics. 
SA 495 General purpose !0Mc/s transistor 100 25v 50mA 
HIGH-SPEED for conventional logic circuits. 
LOW-LEVEL 
SWITCHING ISMc/s transistor for directly 
coupled circuits. Saturation 
SILICON SA 496 resistance typically 10 ohms. 80 10v 50mA 
Controlled input and hole storage 
characteristics. 
2.N 597] min fa 3Mc/s | 250 mW igh ire: 400 * 20v 400mA 
2N 598 min fa SMc/s )} sistors with high gain 250 * 20v 400mA 
: and low saturation 
CORE 2N 599 min fa |2Mc/s pasiatanee 100 * 20v 400mA 
DRIVING 
GERMANIUM 
2 N 600 min fa 5Mc/s | Hy ery ay 250 * 20v 400mA 
2N 601] min fat2Me/s | Peak current 3 amps, 100 * 20v 400mA 


























* rise time to 400mA 








Full technical details 
and applications assistance 
available on request. 


scio 
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DOWN 


2 
COSTS 


AS Nylon GOES TO WORK 














A 
A 


Nylo 7U woRK WEAR saves money not only on a cost-for-life basis but also 





nn indirectly by reducing running costs, and by increasing efficiency all round. 
Overalls, Clean Area Suits, Bib and Brace, Boiler Suits, Warehouse Coats—all are 


available now in nylon. All have these important advantages :— 


Easy laundering Lint-free Better hygiene 
Shrink-proof Longer, smarter wear _ Light and comfortable 
Write to BRITISH NYLON SPINNERS LIMITED (B) 


Marketing Department, 68 Knightsbridge, London, S.W.1 for your ([Nylon 
free copy of ‘NYLON’S OVERALL ADVANTAGES’ [Ss / 





scio 


1959 
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Special & Standard 


MINIATURE type ‘VP’ 


Supplied as a new range of standard 
GRID COIL type ‘G’ 


resistors or to specification for “dropping 
Simple and robust type of unit for 


in” on printed circuits. From 6 to 30 
watts dissipation. 

currents from 28 to 60 amps. for 

heavy industrial use and under con- 

ditions of vibration. Can be coupled 

in groups for simple mounting. 











OPEN type ‘0’ 


Semi-adjustable and fix- 
ed units from 20 to 220 
watts dissipation, which 
can be supplied with a 
variety of mountings and 
adjustable bands. 





avy 


INTERNATIONAL 
TRANSISTOR 
EXHIBITION 
Earls Court 


MAY 21 - 27, 1959 








starnD | Ashburton 


RESISTANCE CO. LIMITED 
72 Brewery Road, London, N.7. Tel. NORth 1168 












WIREWOUND RESISTORS 


ROTARY type ‘R’ , 


Variable resistors for use as a 
potentiometer or rheostat 25, 50, 
100, & 200 watts, rated to give 130°C, 
temperature rise, with a resistance 
tolerance of + 5%. Can also be 
supplied as an enclosed unit for front 
or back of panel mounting. 







HEAVY DUTY type ‘HD’ 


Robust open wound resistors for 
ratings of 200 watts to 750 watts, 
Supplied as fixed units 5% 


tolerance or semi adjustable + 
10°, tolerance 


VITREOUS type ‘V’ 


20 to 





Fixed resistors from 
130 watts dissipation. 





Other standards include: 
Sliding resistors, Dimmers, 
Resistors for battery charg- 
ing, etc. 








First Book of its kind 
in the world! 


MODERN ELECTRONIC 
COMPONENTS 


ee ee ee ee ee | 








By G. W. A. DUMMER, M.B.E., M.1.E.E., Sen. Mem. 
I.R.E., Head of Components Research, Development 
and Testing at the Royal Radar Establishment, 
Ministry of Supply. 


This is the first comprehensive book of its kind to be 
published in the world. It forms an up-to-date survey of 
the characteristics of the more common components and 
includes information on their behaviour under the 
arduous environmental conditions to which they are now 
frequently subjected. Chapters include: effects of 
radiation, transistor components, tropical and arctic per- 
formance, high-temperature and high-pressure perform- 
ance, reliability, etc. With 472 pages and over 200 
illustrations. From all booksellers, 55/- net. 


PITMAN TECHNICAL BOOKS 


Parker St., Kingsway, London, W.C.2. 
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ELECTRONIC ENGINEERING 


We make 
components 

by the million. 
These inter-unit 
connectors 

have full 

Joint Service 

A.R.B. approval, 
and permit the 
instant coupling 
and uncoupling 

of Sub-assemblies 
for servicing 

or replacement. 
Available in 

4, 8, 12, 18 and 

25 pole contacts. 

A miniature range in 
the ‘Domino’ Series, 
including a coaxial 
version, is available. 


UNITOR 
PLUGS & 
SOCKETS 


Regd. 


a 


BELLING ¢ LEE LTD 


GREAT CAMBRIDGE ROAD. ENFIELD ENGLAN[ 
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elephone: Enfield 3322 
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Build your digital instrumentation systems 














* ANALOGUE OR DIGITAL TIME BASE * 10-SECOND GATE 
* FACILITIES FOR REMOTE READ-OUT AND PRINTING * 19-INCH 
RACK MOUNTING <* BUILT-IN RELIABILITY WITH PRINTED 
CIRCUITRY * PLUG-IN UNITS FOR EASE OF SERVICE 


Increasingly, digital counting equipments are being used as integrated parts of a 
control or instrumentation system. The basic measuring/counting/timing 
instrument must readily lend itself to a variety of duties and to adaptation and 
development within the envisaged systerh. 

With the analogue time-based SA.43 (illustrated above) or its digital 
counterpart, the SA.44, the following functions are offered at low initial cost: 





oer h by kind permission of S. G. Brown 


td., of Watford.) Frequency measurement from 10 c/s to 100 kc/s. 

An SA.44B/10 is shown here operating Time interval measurement from 10 microseconds to 1,000 seconds. 
with a RACAL MA.51 photo electric 

probe checking speeds of gyroscopes Random or regular pulse counting. Using suitable tachometer-transducers 


used in air and marin lications. . . 
d marine app shaft speed measurement is also easily performed. 


Write for full details of these and other Racal Digital Counting Equipments 


INSTRUMENT DIVISION 


LIE 





RAGAL ENGINEER IN G Liwmdtfte o 


Western Road, Bracknell, Berkshire. Telephone: Bracknell 941 Telegrams/Cables:s RACAL BRACKNELL BERKS 
N. ENGLAND AGENT: Farnell Instruments, Ltd., Wetherby Industrial Estate, York Road, Wetherby, Yorks. Tel: Wetherby 2691/2 ‘ 
SCOTTISH AGENT: A. R..Bolton & Co., Ltd., 3A St. Vincent Street, Edinburgh. Tel: Edinburgh 32035 

he 
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—=Guyson 









| First in the field! 


WITH SIT-DOWN SHOTBLASTING. . 


| ee 








This new Sit-Down Shotblast Machine is way outJin front. 
Designed for day long blasting it is particularly suitable for 
female operators, eliminating fatigue and increasing production. 
Already installed by leading industrial establishments and proved 
beyond doubt a time saver and a production asset, we have no 
hesitation in recommending the new SBP/41 Shotblast Machine 
to all manufacturers requiring to clean, de-rust, de-scale and 
matt-finish metal prior to metal spraying, painting etc. What 
more could you wish for ? 


BY GUYSON — IT’S GOOD 


Send for Leaflet SBP/41 (A) today. 





















See us at Stand No. 58, Plastics Exhibition, 
Olympia, June I7th-27th. 


—— 


INDUSTRIAL EQUIPMENT LTD. 


GUYSON 
Tel. 2456 


North Avenue, Otley, Yorks. 





Regd. 








There’s nothing 
new in this 
relay 


EXCEPT 





SIZE OF BASE 
27° x 14" x 2° 










The ONLY 
PLUG-IN 


3000 TYPE RELAY 


COMPLETE WITH BASE AND 
TRANSPARENT DUST COVER 


pes bees 





A.1.D. A.R.B. 
ADMIRALTY 
APPROVED 


| 3000 & 600 TYPE RELAYS 








RELAYS LTD. 


STREET, LONDON, W.C.I 
Tel: MUSeum 2453 


A.D.S. 


12, STORE 
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high quality 
general purpose 
instrument 


tube 4EPI 


* High Frequency Operation 
* High Writing Speeds 
* Good Definition 














* Precision Flat Screen 








The ETEL 4EP1 is a high quality instrument tube which can be used 
in a wide variety of applications. For example, where high deflection 

sensitivity is needed, an overall acceleration of 2kV will result im a 
sensitivity of Imm/volt. 

On the other hand, at 10kV, photographic recording of single transients 
at writing speeds up to 1000 km/sec is possible. In addition to the small spot 

size and high brightness, a blue component in the screen material makes this 

tube especially suitable for such applications. 

Connection to the deflector plates is made by side pins in order to reduce 

capacities and to simplify amplifier design. Designers’ problems are further 

eased by the high figure of 300 Mc/s for the resonant frequency of the 

deflector plate system. 

Write to the address below for full details of the 4EP1. 


Abridged Data 


Screen Heater 
Pl green fluorescent medium persis- Wh=6.3V Ih=0.55A. 
tence. Other screens available to order. 
Typical Operation 
Capacitances ea 
x' to x!! - 1.7pF Va2 - - - 460 to 530V (for focus) 
y wy" - Lip Va3 - - - - - + = 2,000V 
One x plate to all other electrodes less Va4 - - - - - - = 4,000V 
other x plate -' 4.0pF Ve - - - - + = -28 to -60V 
One y plate to all other electrodes less Sx - - - - - - 36.2V/em 
other y plate - 3.0pF a cs ee ec oe e +l te ee 











cathode ray tubes 


ELECTRONIC TUBES LIMITED 


Kingsmead Works * High Wycombe * Bucks * Tel: High Wycombe 2020 
ETLI 
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Electronic R.F. Shields 


KnitMesh, as its name implies, is a mesh structure of 
asymmetrical interlocking loops knitted from monel, 
stainless steel, nickel, silvered copper etc. 

When made into electronic R.F. Shields, as weatherstrips, 
gaskets and spindle glands, the compressibility and 
resilience of KnitMesh ensure good contact, even when 
there are surface inequalities. No special machining is 
therefore required to produce a perfect shield. 





KnitMesh spindle glands of 
Phosphor-Bronze prevent leakage , 
through spindle holes. The resi- | 
lience of KnitMesh ensures an 
excellent seal yet allows the spindle > 
to rotate freely. 














KnitMesh flange joint gaskets are 
made slightly deeper than the 
grooves in the flange joint which 
ensures complete metallic contact, 
flange to flange. 











KnitMesh weatherstrip provides a 
simple method of achieving good ne 
contact between sheet metal covers 
and cabinets, without the necessity 
of special machining. > 

















KnitMesh 
Valve Jackets 


The combination of large 
surface area and resiliency 
produces a valve jacket which 
protects against vibration and 
has excellent heat exchange 
properties. It also acts as an 
R.F. Shield. 

Illustrated is a KnitMesh Monel 
ultrafine Valve Jacket. 





FULL DETAILS AND PRICES 
ON REQUEST. 








INI VG 


LIMITED 


36, Victoria Street, Loncon, S.W.1. Tel. ABBey 2684 
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WwooDs 


Aerofoil fans 
FOR ELECTRONIC EQUIPMENT 





QUALITY AT LOW PRICE 


Very keenly priced, there are three 
new Aerofoil short casing fans, 3.8”, 
4.8” and 6” diam. Compact, sturdy, 
they offer the quality of engineering 
that has made the name Aerofoil 
synonymous with reliability. 

_Ask for Specification Sheet VW246. 


WOODS OF COLCHESTER LTD. 


BRAISWICK WORKS, COLCHESTER 


Colchester 5111 Telex 1880 
AN ASSOCIATE COMPANY OF 
THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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a new 
range of 


ae 
Silicon 
Rectifiers... 


The SIMET ‘G’ series of silicon rectifiers will 
shortly be in production by Plessey. The 

new rectifiers are based on the designs and 
manufacturing techniques of the General 
Instruments Corporation, U.S.A., who produce one 
of the most comprehensive ranges of medium- 
power rectifiers, including a complete coverage of 
all military types. 




















Plessey manufacturing resources, allied to the 
established General Instruments design, will ensure 
a component which is virtually indestructible 

and capable of long-term and stable operation at 
temperatures up to 150°C. 








WRITE FOR LITERATURE NOW! 


Engineers and senior executives are 


invited to write for descriptive tech- 
AVAILABILITY ; yi nical literature. 
Rectifiers for operation in the range 100-—1,000 peak 
inverse volts and carrying a current of 400-750 mA 
half-wave, 0.8-1.5 amps full-wave or 1.1-2.1 amps 
in 3-phase full-wave circuits are available in The new rectifiers will replace the “A™ 
sample quantities now, and in production series which have been successfully 
- : used in a number of equipments, and 
quantities shortly. Other types will follow the will be interchangeable in all respects. 


establishment of this medium-power range. 





THE PLESSEY COMPANY LIMITED 
Chemical and Metallurgical Division 


TOWCESTER “ NORTHANTS TELEPHONE: TOWCESTER 312-4 
TELEGRAMS: SIMET, TOWCESTER 








The word ‘SIMET’ is a registered trade mark 
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ACCURATE, EASY 
MEASUREMENTS OF HIGH SPEED 
WAVEFORMS D.C. TO 25 Mc/s 





The L.155 Oscilloscope by Cathode Ray Tube: 13 cm with 
Mullard Equipment Ltd. is 8 KV p.d.a. 
particularly suitable for the hae 79 a Sa 
measurement of high speed Voltage Measurement: 0 — 300V 
waveforms, for it combines Accuracy + 3%. 
great accuracy with simple Signal delay : 0.15 uS, switched. 
operation. The rise time is | Time Base: Velocity : 0.15 4S/cm 
‘ 15 mS/cm (plus 5 X expansion). 
0.014 uS, with 8 kV post Trigger/Sync.: --ve or —ve, inter- 










deflection accelerating voltage nal or external. 
and sweep speeds up to Time i SS ge EP Ser ceenccessncecememmmammmmm | 4 sages 
30 muS/cm. A separate power Accuracy + 3%. , . 
: . sts Di i : Display Unit : Height 26.5 cm. 
- supply unit provides stabilised Width 48 ag $2 cm. s 5 
voltages which ensure that Power Unit : Height 26.5 cm. Width A product of 
measuring accuracy is not 48 cm. Depth 52 cm. f 


WULLARD EQUIPMENT LTO 


affected by mains variations Weight: Display Unit: 32 kg. Power Unit: ; oir 


29.5 kg. 
up to + 10%, Finish : Two-tone grey enamel. 
Full technical information on request. ; 
Sole Distributors in the U.K. RESEARCH & CONTROL INSTRUMENTS LTD. Instrument House, 207 King’s Cross Rd., London, W.C.1 


Telephone: TERminus 8444 
(RCLO413 
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ALL STEEL [io 


SPECIALIST HAND TOOLS 
FOR THE ELECTRONIC AND 
TELEPHONE INDUSTRIES 










Stove tec ee. = 
Enamelled oS 
DARK 
GREEN 
* 
OVERALL 
SIZE 
42” HIGH 
36” WIDE 
These pocket sets of special 12” DEEP 
small hand tools provide a basic kit 
of instruments, suitably protected and e 
w k id easily carried. A necessity for all those 
vange of specialist engaged in the adjustment and main- Contains 54 of these drawers, 
all tenance of telephone and_ electronic each 5” wide 3” high I1}” long. 
type tools to speci- apparatus, these specialist packs can be 
fications of the supplied containing any selection of tools 54 dividers and 54 drawer cards 
G.P.0., 2nd te required, with strap loops to fit each with each unit. Extra divider 
Sateen, Mar aan. individual tool. We shall be glad to offer 6d. each. 
logue is available our advice and submit quotations for these 
SH requeeS, kits in small or large quantities. £ | B DELIVERED FREE to 


ENGLAND, SCOTLAND AND WALES 
SEND FOR SAMPLE DRAWER 


N. C. BROWN LTD. 














LIGHTWOOD & SON LTD. PRICE STREET, BIRMINGHAM 4 eee WING . ripe el - LANCS. 
Telephone and Telegrams: ASTon Cross 2622 Telephone: Heywood 6 (6 lines) 
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Th | | 
that makes the thread 
that holds its own; SO Pew 


that shapes the hole 


This is the screw 


to hold the screw 

that holds the 

whole thing together ; 
whether it flies 

tunes in to a station 

or stops at one; 

whether it opens and shuts 
keeps out the dust 

does 40 miles to the gallon 


or ticks. 


i: It's a Nettlefolds 


Parker Kalon 





This is a specially 


hardened self-tapping screw, 


individually tested tor All N.P.K. Self-Tapping 
uniform excellence and . . 
supplied in a wide variety Screws are supplied with 
of shapes and sizes either Slotted or 


tor metal or plastic 


sheet or castings Phillips Recess heads 


to hold and hold 


and go on holding, 
doing it cheaper (j 


and doing it better. 








GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD., 
SCREW DIVISION: BOX 24, HEATH STREET, BIRMINGHAM 18 
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Technical facts and sound 
business judgement both say it’s 


BRANDAUER 


FOR 


BeRyYLtium 





Today, we of Brandauer are among the 
largest and most sought-after fabricators 
of beryllium copper pressings in Britain 
—thanks to a hundred years of heat 
treatment experience, specialised plant, 
and ten years of research. Being crafts- 
men, experts, and indeed enthusiasts in 
beryllium copper, we work with 
extreme precision, and in certain 
circumstances regularly maintain an 
accuracy of + .00025”. All our com- 
ponents are of course made to 
customers’ own requirements. 





TO VERY 
CLOSE 
TOLERANCES 








Correr PRESSINGS 


FOUR SLIDE WORK 
OF THE UTMOST PRECISION 


is also a helpful part of our service. 
So are our large stocks of material. 
They enable us to quote early 
deliveries for most pressings and com- 
petitive prices for all. In short, 
technicians and business men both 
agree that for time and tolerance, 
quality and price—choose Brandauer. 
May we send you samples and further 
information? 

We also specialise in precision press- 
ings manufactured from all ferrous 
and non-ferrous materials including 
the cupro-nickel alloys. 


Cc. BRANDAUER & COMPANY LTD. Es:. /862 


401 New John Street West, BIRMINGHAM | 


A-I-D APPROVED 


9. Telephone: ASTon Cross 3818 








NOISE MEASURING EQUIPMENT 
TYPE 123 


Essentially a narrow-band R.F. Spectrum Analyser, Noise Measuring 
Equipment Type 123 may be used for determining the spectra of 
spurious a.m. and f.m. modulations at frequencies close to carrier. The 
instrument is particularly suitable for analytical work on the performance 
of oscillators and systems developed for c.w. doppler radar applications. 


Operating Frequency: Full sensitivity may be achieved over a 
bandwidth +5% relative to carrier. The equipment illustrated 
is fitted with an X-band R.F. head. 


Spectrum Analyser range: From 1-90 Kc/s with respect to 
carrier. 


Resolution: 70 c/s or 1 Kc/s bandwidth. 


Sensitivity: The r.m.s. a.m. sideband power in a 70 c/s 
bandwidth can be measured down to —135 db with respect to 
the total signal power level, with an accuracy of +2 db and 
an equivalent accuracy is obtainable in f.m. sideband power 
measurements down to 0.01 c/s deviation. 


Display: Panoramic display, with frequency marker, or 
alternatively, a hot-wire instrument provides accurate power 
measurements when used with a manually controlled sweep 
oscillator. 


Write for information, quoting frequency bands of interest, to: 


JAMES SCOTT & CO. (Electrical Engineers) LTD. 


Manufacturing and Electronics Division 
68 BROCKVILLE STREET, 
CARNTYNE INDUSTRIAL ESTATE, 
GLASGOW, E.2. 
Telephone : SHEttleston 4206/° 
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The 
Simplest way 


iKom—jtle)ip4> 
voltage... 








aN 
. 

















VALVE VOLTAGE RANGE STANDARD VOLTAGE SIZE 


350, 400, 600, 800, 1000 
1200, 1400, 1600, 1800, 2000 


C O i=) O N A Minimum currents range from 5,,A to 50,,A, 


maximum currents range from 50,,A to 2mA, according to type. 


STA FB | | IZ al RQ S Please write for further information to— 


The M-O Valve Co. Ltd., Brook Green, Hammersmith, London, W.6 
Makers of G.E.C. high grade radio valves and cathode ray tubes 
350V to TKV A subsidiary of The General Electric Co. Ltd. 
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Supplied with standard coverings of cotton, 
silk, rayon, enamel, LEWMEX (synthetic 


enamel), glass and asbestos. 


Insulated resistance wires 





for resistors in instruments, radio, 
television, electronic and control 
apparatus and many other 
applications. 


% Available over a range of sizes in 
VACROM (nickel-chrome) 80/20 or 15°, 
and EUREKA (cupro-nickel). All con- 
form to BSS 115/1954. 


A technical information and advisory service ts 
offered. 





THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED 





LEYTON + LONDON : E1o 











P.n.P. silicon junction transistors. 
Silicon junction diodes. 


Silicon Zener diodes. 


* *e Kk 


Silicon power rectifiers. 


P.n.P. germanium junction transistors and 
diodes for R/F and audio applications. 





Visit us on Stand 41 at the 
International Transistor 
Exhibition 
May 20th - 28th SHORE ROAD: HYTHE : SOUTHAMPTON 
TELEPHONE: HYTHE (Southampton) 3031-2 CABLES: BRUDEV. HYTHE SOUTHAMPTON 
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IN BRITAIN 











HIGH GRADE RESISTORS AT LOW 





A new Dubilier process makes available to the 
design engineer a power wire-wound. resistor 
possessing high-grade characteristics which costs 
no more than an equivalent standard type. The 
resistance wire is uniformly wound on a silicone- 
processed fibre-glass core which is then sealed into 
a ceramic housing. The result is a remarkably 
stable resistor which is completely insulated except 
for the connecting wires. 


PERFORMANCE UNDER OPERATING 


CONDITIONS 

* Resistance change less than 5° after 100 hours at 
40°C. ambient temperature and 95% relative 
humidity. 


esistance change less than 2% afte e times 
Resistance change less than 2% after three times 
normal load for 5 seconds. 
*® Resistance change less than 5°% after 500 hours at 
full load in 25°C. ambient temperature. 

esistance change less that <— c ysice 
Resist hange less than 1% and no physical 
effects due to soldering. 


MAXIMUM TEMPERATURE COEFFICIENT 
BETWEEN — 55 AND +275°C. 








TYPE 0.05%/°C. 0.03%/°C. 
PW 5 0.52 to 2.50 2.5Q to 2.0k02 
PW7 0.52 to 8.02 8.022 to 6.5ki2 
PY 10 1.02 to 100 1002 to 10kQ 











or © Re I 


FIG. |. DERATING CURVE 
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AMBIENT TEMPERATURE - DEGREES CENTIGRADE 
FIG. 2. TEMPERATURE RISE/LOAD 
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PERCENTAGE OF RATED LOAD 

TYPE PW5 PW7 PW 10 
Wattage 5.0 7.0 10.0 
Min. Value 0.52 0.502 1.00 
Max. Value 2.0kQ2 6.5kQ 10kQ 
Length 4” (5/,,” 1Z” 
Width and height of all three types are 3” and ''/;,” 
respectively. 











DUB ISTE: 


DUBILIER CONDENSER CO. (1925) LTD DUCON WORKS 


TELEPHONE: ACORN 2241 
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Catalogue RI5A available on request. 


VICTORIA ROAD 


NORTH ACTON 


LONDON W.3. 


TELEGRAMS: HIVOLTCON WESPHONE LONDON 


ELECTRONIC 


DN 235 


ENGINEERING 
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THE MULLARD 
Ultrasonic Cleaning ULTRASONIC CLEANING UNIT 


0] ira 
COMPONENTS 







Cuts cleaning times 
Reduces rejects 
Improves finish 

of product 










is indispensable for : 
% the ULTRASONIC Cleaning of 


IF GOOD CLEANING IS PART OF THE Piva 
VACUUM VALVE PARTS - AU - 
QUALITY OF YOUR PRODUCT—YOU NEED LIC VALVE PARTS x‘ METER A ND 


CHRONOMETER PARTS AND MOVE- 
TO INVESTIGATE THE ADVANTAGES OF ULTRASONIC CLEANING MENTS - SEMI-CONDUCTOR 

COMPONENTS -: BALL BEARINGS 
Iltustrated above is the Mullard intermediate power and frequency equipment 4 AND BALL RACE PARTS 






designed for multi-stage cleaning of intricate Pore The equipment can be ELECTRIC RELAY AND MOTOR 
supplied with either stainless steel or glass containers. A self-contained filtration ASSEMBLIES - PRECISION NON- 
unit, filtering down to approximately 1 micron, is available. 4 FERROUS AND FERROUS 

= COMPONENTS, SURGICAL 












INSTRUMENTS - HYPODERMIC 
, poe , 4 NEEDLES «+ PRECIOUS AND 
Also Ultrasonic Drilling, Soldering, SEMI-PRECIOUS JEWELS 
Engraving, Threading and Lapping WATCH AND CLOCK MOVE. 
a r r Equipment. Custom built high power MENTS ‘JEWELLERY. OPTICAL 
(U Itrasonic s) Lt Ss hand dip and conveyorised Ultrasonic varce th nitrites 
cleaning installations. PLATING REMOVAL OF 
SOLDERING FLUXES AND 
A SPECIALIST COMPANY DEVOTED TO THE PRINTED CIRCUIT 
ESTABLISHMENT OF ULTRASONIC EQUIPMENT IN INDUSTRY CLEANING. ETC. ETC. ETC 
Write for complete technical details and a demonstration on your premises. 
SALES OFFICE (EE.4) WARTON ROAD, STRATFORD, LONDON, E.I5 “Mullard? is the trade mark of Muilard Led, 


Telephone: Maryland 6611. Works: Harold Hill, Romford, Essex. 
Manufacturers of High Power Ultrasonic Equipment and Sole Distributors in the U.K. and certain overseas territories of Low Power Ultrasonics by Mullard Equipment Ltd. 








accuse METEOR COIL WINDERS 


(SWISS) as 
How little does “temperature For winding fine wire down to No. 52 


gauge—Arranged for single or multiple 


control cost p winding. No gears to cause backlash. 


The traverse is controlled by a mag- 











Sa 


44 


Vy Ab hy i 





In industry you can’t treat essentials netic tape. Extremely fine reversal 
as though they were expensive settings by micro 

luxuries. Temperature control, for limit switches. Quickly 

instance, is no mere refinement but an set up and changed 

essential part of most production lines yun ti 

and when it’s TEM-CON control it’s meee utomatic 

certainly not expensive. brake stops 

A TEM-CON system built from machine 

standard units to customer’s require- should wire 

ments is simple, extremely sensitive, break. 


requires little maintenance and what 
is most important, lower in cost than 
comparable systems. 

Discover today how little it will cost 
to install real TEM-CON accuracy to 
suit your needs—advice and quota- 
tions are quite free of any obligation. 


cea TEM-CON 


p MrRROW: GUILDFORD : SURREY ' 
e A.M. LT) Telephone: Guildford 2211 ACBARS LTD. 


STA HOLBORN VIADUCT, LONDON, E.C.i 


2 Telephone: CENtral 2287/8.9 - 6811/2/3 
A Member of the Southern Areas Electric Corporation Group 
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Send for new 
illustrated 


brochure EE/135 


MAY 1959 
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WHAT A SAVING 
on Short and Medium Run 
Piercing Jobs! 






BRITISH 


WIEDEMANN Tooling 





Rounds, squares, ovals, clusters and shapes—you use the 
same tools for every piercing job with similar openings. 
Every tool is ready for instant use: 

no setting—always in accurate alignment. 

The Wiedemann method saves time and expense in other 
ways, too—reducing handling and eliminating 

marking out and hand finishing. So why delay longer? 
Find out more about this economical method today. 






There's a 

WIEDEMANN Turret Punch Press 
for every short and medium run 
piercing job. 


Hand or power —!/ 5,000 to 160,000 Ib. 
punching pressure. 





DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Telephone WESTERN 8077 (8 lines) Telegroms : ACCURATOOL HAMMER LONDON 
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Polyskop 


A NEW ROHDE & SCHWARZ INSTRUMENT 


TWO CHANNELS: WIDE BAND SWEEP 
RF GENERATOR AND CRT DISPLAY 
FREQUENCY RANGE 500 Ke/s to 400 Mc/s 
SWEEP WIDTH +200 Kc/s to +50 Mc/s 


For direct viewing of impedance, gain or 
attenuation versus frequency in Aerials, 

Filters, Amplifiers, Cables. 

11” x8" Screen, illuminated grating 

Two probes for Roving Tests. 

Crystal controlled Markers: |—10—50 Mc Points. 








SHORT DELIVERY: DEMONSTRATIONS AVAILABLE 





AVELEY ELECTRIC LIMITED 


| AVELEY ESSE* 15/16, AYRON ROAD, SOUTH OCKENDON, 
ROMFORD, ESSEX. ez: soo 3444 








No, we shall not be silly and claim that our castings are as flawless as a piece of 
}é1h century Venetian Glass. But we can go this far: we can say that just as the 
old master craftsmen got great satisfaction out of doing a job as weil as it could 
possibly be done, so do we. That is why so many customers whose castings 

must have a fine skin which will readily anodise put their trust in Great Bridge Foundries 
PRECISION CASTINGS IN ALUMINIUM, GUN METAL, GREY IRON, ETC. TO ALL SPECIFICATIONS 


Phos. bronze and gun metal solid and cored sticks always in stock 


THE GREAT BRIDGE 
FOUNDRY CoO. LTD. 


Sheepwash Lane Great Bridge - Tipton 
Staffordshire Telephone: TiPton 2914-5-6 


A Member of the Triplex Foundries Group 








Q8e 
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SILICON 
ALLOY 
TRANSISTOR 
oc20o1 


...a higher & version of the 
recently announced OC200O 


The new Mullard silicon alloy transistor OC201 is similar to the recently introduced OC200, 
but with the average current gain increased from 20 to 30 and the minimum fa increased 
from 0.5 to 2 Mc/s. 

Like other transistors in the silicon alloy range now being introduced by Mullard, the 
0C201 has a low bottoming voltage and all the advantages of the well-known OC71 germanium 
series. In addition these silicon transistors feature a low collector leakage, reduced noise 
figure and high permissible operating temperature. 

The maximum collector voltage of the OC201 is 25V, but its low bottoming voltage 
allows it to be operated from supplies as low as 1.2V. The linearity of current gain with 
collector current is well-maintained up to 50 mA. 

The 2 Mc/s cut-off frequency and high permissible junction temperature rating of 150°C 
of this silicon transistor enable it to be operated at relatively high frequencies with a power 
dissipation of 100mW at 100°C. 

The OC201 is now being put into large scale production and designers can depend on it 
to remain available for many years as a standard transistor. Write on your company 
notepaper to the address below for complete data. 


ABRIDGED DATA 
NE TT GC cA eM NNaRERRERER 
SILICON P-N-P ALLOY JUNCTION TRANSISTOR 0C201 


Tjunction ies “a ai ... 755 to +150°C «’(or%) spread... ies — ... 20 to 80 
Veb (PK) max. ... es _ . —2V Vee (c¢=7mA, Ip=1mA) . .. 100mvV 
Veb Max. (av. or d.c.) ite .. -2V ; 

ic (pk) max... ‘2 . .. 5OMA Average noise figure at oe .. 6dB 

Ig max. ... a sis ion .- 5O0mA lpb’ + fins ss és ave ... 125 ohms 





Visit Mullard at the 


INTERNATIONAL TRANSISTOR 


EXHIBITION 











Earls Court, 21ist-27th May ae 
Mullard Limited 
Full range of semiconductors, appli- Semiconductor Division 
cation and research demonstrations, Mullard House 
and information service. Write on Torrington Place 
your company notepaper for free Roots t 
po MB nig or ar London W.C.1 division 
Tel: Langham 6633 
































Mullard 






semiconductor 
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Wherever power 
is used Crofts 
Conveyor Drives 
play a vital role... A Se Cntied Comoe ule 
Crofts “Ritespeed” ™ | 
Motorised Conveyor Pulley... 








@ all driving mechanism (electric motor, speed reduction ® Absence of external drive saves floor space, leaves more 
gear) housed inside the pulley itself. room available near conveyor head, minimises alignment 
roblems. 
& Totally enclosed construction protects driving mechanism 
from dirt, moisture. ® Available from stock in a variety of diameters and face 
@ No oi widths, for a wide range of conveyor speeds, for powers 
© oil can escape to contaminate products on conveyor, up to 10 h.p. Larger sizes, up to 30 h.p. on short notice. 





CROFTS (ENGINEERS) LIMITED REPRESENTED 
POWER TRANSMISSION ENGINEERS) pinoy. 


THORNBURY — BRADFORD 3 — YORKSHIRE 
Phone: 65251 (20 lines). Grams: ‘Crofters Bradford Telex’ Telex 51186 


; —& harsbroadth 


Today, most progressive engineers think of Coopers Felt as 


ITHE WORLD 






















an engineering material, yet many do not know that it can 
be machined to close limits. With the harder felts we can 
work to within a hairsbreadth of your specification. Yes, we 
mean that literally—to the breadth of a human hair. One 
of Coopers technical advisers will be happy to tell you more 
about this versatile material. 


Pa EZE Fe 





4 ; ar 
BS 6 


“Set 
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COOPER & CO. (B’HAM) LTD. 
BRYNMAWR - BRECONSHIRE 


Telephone: Brynmawr 312 
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W. 7021 FEED-THROUGHS 


A ROBUST COMPONENT 

of medium size, the Alkyd insulation 
is moulded around a solid turned 
conductor to carry 5 amps, and forms 
a U.N.C, threaded body. 


rFIARWIN ENGINEERS LTD 


RODNEY ROAD - PORTSMOUTH + HANTS - Telephone: PORTSMOUTH 35555 
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MAGNETIC DEVICES 
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O|DS 


greater lorce/Size ratio 


Forward thinking design and first-class production methods 

have allowed us to produce a range of very high performance solenoids 
for automatic control applications. 

Engineers requiring ‘Specials’ that cannot be covered by the illustrated 


range are invited to contact our design engineers. 





959 








LIMITED 


NEWMARKET ENGLAND Tel: NEWMARKET 3181 (5 lines) Grams: MAGNETIC NEWMARKET 


P3036 
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110° T.Vv. DEFLECTION UNIT 


Engineered for ease of handling, the 
Cyldon 110° T.V. Deflection Unit is 
supplied complete with picture shift 
plates, coil clamp and adjustable correc- 


tion magnets. 





Additional Features of this 
outstanding component are :— 


High line and frame coil sensitivity. 
Freedom from corner shadows. 


May be used in ambient temperatures up to 80° C. 





Available with built-in N.T.C. resistor—specify type BT.621. 





Terminal pins mounted in plastic body to facilitate connection. 





Shorted turn linearity and amplitude control easily accom- 


Full detail 
xa modated. 


supplied on 


application Line to frame coil insulation designed to withstand high 


eX, peak voltage. 





SYDNEY S. BIRD & SONS, LTD. °001« - conser 
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A COMPREHENSIVE RANGE OF 


Miniature’ Instruments 


%& DESIGNED TO HARMONISE WITH 
ALL MODERN ELECTRONIC EQUIPMENT 


+ FIXINGS CONFORM TO ACCEPTED PRACTICE 
20 30 
lily, 7 % PRICES ARE HIGHLY COMPETITIVE 
AY > NG 


“7 For utmost reliability all ‘ENGLIsH ELECTRIC’ miniature 
instruments have been designed with a higher-than-normal 
torque/weight ratio in combination with lower power 
consumption. All types have been successfully subjected 
to the following tests: 
RESISTANCE TO IMPACT SHOCK OF 200g 

in any plane. 
VIBRATION FATIGUE TEST—two million cycles at 
peak resonant frequency. 
OSCILLATORY TEST—up to one million operations. 


‘ 













Above: 2” square moving coil voltmeter 


SPECIFICATIONS B.S. 89-1954 and other 
International Specifications. 


TYPES 
Moving coil for D.C. applications. 
Rectifier moving coil for 

A.F. applications. 

Thermo-couple operated moving 
coil for R.F. applications. 





SIZES ' 400 209 
Square: 2”, 24” and 34” nominal Wutlitiy/), 

scale length. . \ “Wy, a :' 

Round: 24” and 34” nominal OS Above: 3”x 4” rectangular absorption wattmeter 
scale length. 


Rectangular: 5”x 6” or 3”x 4” 


nominal case size. Left: 24” round moving coil microammeter 


Design registrations pending. wae ranges in any of the seven 
Delivery ex stock for standard ranges. 


Non-standard ranges to customer’s speci- 
fication within 21 days. 


Literature available on request to The ENGLISH ELECTRIC Company Ltd., Instrument Department, Stafford. 
| 
LAUDE AU ) 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 
Meter, Relay and Instrument Division, Stafford 
WORKS? STAFFORD . PRESTON . RUGBY . BRADFORD . LIVERPOOL! 





ACCRINGTON 


INS.43A 
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{ MUIRHEAD | 


MAGSLIP 
Wa SHEET 4 


— 
—— = 
















== 


—— = 


14” Blower 








progress 


This handy broadsheet, With the progressive complication of assemblies for use in 
prepared in tabular form \| limited spaces, the electronic expert needs, more than ever, 
the advice of the equally expert fan manufacturer. Keith 
Blackman have made the equipment that has made the best 









for easy reference, presents brief 


specifications of the entire range of aes 
k ; use of air for over 76 years and in publication No. 41/3, offer 
Muirhead Magslip elements. 


a number of fans and blowers of interest to the electronics 
engineer. Why not send for your copy now? 


KEITH BLACKMAN 





A MUST FOR ALL DESIGNERS 


/ MUIRHEAD 


MUIRHEAD & COMPANY LIMITED 
BECKENHAM - KENT - ENGLAND 

















3h” Centrifugal 














MUIRHEAD INSTRUMENTS INC. 
441 LEXINGTON AVE - NEW YORK I7 


NY. - USA. small fans and blowers 


Centrifugal - Axial - Propeller 


- Keith Blackman Ltd 


MILL MEAD ROAD - LONDON NI7 
Telephone: TOTenham 4522 1409/95 


MUIRHEAD INSTRUMENTS LIMITED 
STRATFORD - ONTARIO - CANADA 
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Rapid, high-quality photoprinting 


The Ilford AZOFLEX Model 221 
Combine printing and developing 
machine (formerly known as Model 
42/63 Mark II) employs safe, odour-free 
AZOFLEX chemicals—just one of the 
many special features that make it the 
ideal photoprinting machine for print 
room or drawing office. 





Exposing, developing and drying operations 
completely synchronized. 

All controls accessible from comfortable 
working position. 

High continuous output easily maintained by 
one operator. 

Excellent copies obtainable from old or faded 
originals. 

Comprehensive maintenance service available 
at nominal cost. 






















wer 





SS 


for use in 
than ever, 
rer. Keith 
le the best 
41/3, offer 


electronics 


AN 


and no unpleasant fumes 


Capacity: rolls and cut sheets up to 42 in. wide. Printing speed: 
6 in. to 154 ft. per minute. Lamp: H.P.M.V. MA/U 2,000 watt. 
Dimensions: height 50in., width 67in., depth (tray extended) 52in. 
Weight: 850 Ib. 

Subject to certain conditions, the majority of AZOFLEX photoprinting 
machines can be hired as an alternative to outright purchase. 


ILFORD Peeeraces 


PHOTOPRINTING MACHINES & MATERIALS 
Ltd Full details from 


ILFORD LIMITED, INDUSTRIAL SALES DEPARTMENT AZ17G 
ILFORD, ESSEX. TELEPHONE: ILFord 3000 


=> 


al 
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SOLDERING EQUIPMENT 
by 


AIDCOLA 


(Regd. Trade Ma-k ) 


(illustrated) 
4’ DETACHABLE 
BIT MODEL 
(List No. 64) 

& 
PROTECTIVE 
SHIELD 
(List No. 68) 





Supplied for all Voltages. Designed for Factory Bench Line Assembly 
Radio, T.V., Deaf Aid etc. 
Write for Catalogues 
Sole Proprietors and Manufacturers 
ADCOLA PRODUCTS LTD., 


DEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 
Telephone: MACaulay 3101 & 4272 
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SIGNAL LAMPS 
and 
LAMP HOLDERS 


FLU ORESCENT 


NEON LAMPS 
For 200-500 volts 


NEOFLE X tro 


123a NEASDEN LANE 
LONDON N.W.10 


GLADSTONE 2718 & 4075S 











Specialists in Sub-Miniature Tel ication Comp 





AIR DIELECTRIC TRIMMER 
(Protected by Acetate Case 


Capacities from 4 to 7OpF in voltages of 500 
and 1000 D.C. Width 165 mm. Length 22 mm. 
Acetate dust cover optional. Insulation over 
10,000 megohms. Power factor less than ‘001 














DEVELOPMENTS CO. LTD. 


ULVERSTON NORTH LANCS § 7e/. Ulversten3306 
EE 9170 for further details 
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The new 231 R Computer N E W 


can hold up to 100 

amplifiers and other 59 PAC E 55 
related non-linear equip- 

ment. New removable patch 

panel greatly speeds AN A ae) G 
programming. Optional 

items include digital 


poeewmememm §=COMPUTER 


input-output system) 





231 Ra. 


X wt 


ANE 


. with highest precision : 0,01 0/0 


& 4015 








Dataplotter 1133 A, 131 R Analog Computer Eight Channel Rectilinear Variplotter 1100-D 
Recorder 1902-D. 


Electronic Associates, Inc. has been the world’s 
leading producer of Analog Computers and Plotting 
Equipment or over 5 years. For further information 
on their PACE Equipment the European Sales Office 
and Computation Center at Brussels is ready toassist 


European Industry 





Rental facilities at European Computation Center in Brussels. 
Electronic Associates Application engineers are available to 
assist clients with their problems. 














PRODUCERS OF 


3 sani 3 ry hin 3 ci . ELECTRONIC ASSOCIATES, INC, 


ANALOG COMPUTERS 














EUROPEAN SALES OFFICE AND COMPUTATION CENTER 


details 43, rue de la Science - Brussels - Belgium - Tel. 11.43.69 
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d-mac 


TRACE ANALYSIS EQUIPMENT 








This equipment is designed to aid an 
operator in the reading of compli- 
cated analogue traces on paper or 
film. At the touch of a button this 
machine can produce _ replotted 
graphs, punched cards, punched 
tape, or tabulated results as well as 
an illuminated digital display. 


DOBBIE M’INNES 
(Electronics) LTD. 


55 KELVIN AVENUE, 
GLASGOW, S.W.2 





Telephone: HALfway 3364 
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STABILIZE your AC MAINS with the finest 
equipment, at a fraction of the normal cost :— 


FERRANTI 7}-KVA MOVING COIL 
AUTOMATIC VOLTAGE REGULATORS 


Any stabilized output voltage in the range 200-250V can 
be selected by plug-board tappings. The selected output 
voltage is automatically maintained constant within +4%, 
at all loads 0 to 30/374 amps, when the supply voltage is 
varying over the range +8% to —12%. 

@ Frequency compensated 45-55 and 54-66 c/s. 

@ Excellent output wave-form. 

@ Can also be used as a variable transformer. 

@ Unused. Complete with spares and Instruction Book. 


P. B. CRAWSHAY, 


94, Pixmore Way, Letchworth, Herts. ’Phone 1851. 
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asmall METAL PRESSING 


for your product, why not consult us ? 

* * * 
light 
metals 


We specialise in 
presswork in ail 


precision 
for the 


Electrical Trades 
QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


BATH STREET, 


Phone : 


80-81 BIRMINGHAM 4 


CENTRAL 2492 























We make 
components 
by the million. 
This range 
is waterproof 
at all points, 
and includes 
both chassis 
and cable 
mounting 
members. 

' These are 
truly sealed 
components 
and meet with 
Specification 
R.C.S. 321 
There is over 
35 years’ design and 
manufacturing 
experience behind 
every ‘“‘B-L’’ component. 


SEALED 
PLUGS & 
SOCKETS 


BELLING & tT T) 


GREAT CAMBRIDGE ROAD. ENFIELD, MIDD 


+ Telegrams: Radiobel, ‘Enfield 
EE 9175 for further details 
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62 big Imlok developments 


TO SAVE YOU MONEY ON CASE CONSTRUCTION ! 







IMLOK—the unique cabinet construction 
system—now offers designers and engineers 
even mere possibilities than before. Fifty-six 
new parts have been added to the already wide 
range of precision-made corner connectors, 
extrusions and accessories, and you can now 
buy Imlok in six different stages of manufac- 
ture. It means more versatility . . . more scope 
in case and cabinet design. The Imlok system is 
ideal for both prototype and production work 





56 new parts 6 ways to buy 


The addition of new connectors and 1. As individual connectors and with 
extrusions means you can now have extrusions in 12ft. lengths. 2. With 
external or internal angles from 224 
to 90°. The new range also includes 
strengthening extrusions for extra 
heavy-duty structures, fashion trims, 
door pulls, castors, and many more. custom-cut by Imhofs to your lengths 
Full list on request and mitred. 4. As a complete frame- 


connectorspre-drilled ready forassembly 
with self-tapping screws. 3. With pre- 
drilled connectors and with extrusions 


New 36-Page 
Imliok Manual 
now available, includes 
illustrations and 
specifications of all 
Imlok parts, colour 
photographs of many 
cabinet and console 
designs built in 

Imlok, as well as new 
Imlok uses. 

Send now for free copy 


work, ready for fitting with your own 
panels. 5. As a complete structure 
with panels, but unpainted. 6. Asa 





complete structure, fully finished 


Alfred Imhof Ltd., Dept. F5 Ashley Works, Cowley Mill Road, Uxbridge, Middx. 
Uxbridge 6231 
Export & London Showrooms: 112-116 New Oxford St, WC1:; Museum 7878 





IMHOFS AGENTS OVERSEAS FINLAND Oy Scienta Ab, Helsinki SWEDEN  Elektroniund AB, Malmo C 

AUSTRALIA Aladdin Industries (Pty) Ltd, Stanmore NSW HOLLAND J.Th. van Reijsen, Delft SWITZERLAND Walter Blum, Zurich 2/39 
BELGIUM Rogelec, Ghent ITALY Prodel SPA, Milan U.S.A. Bud Radio Inc, Cleveland 3, Ohio 

CANADA Measurement Engineering Ltd, Arnprior NEW ZEALAND Imarex Ltd, Auckland C3 BRIT. GUIANA British Caribbean Agencies Ltd, 
DENMARK Tage Schouboe, Copenhagen N NORWAY Birger Christensen, Oslo Georgetown, Demerara 
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ioco 


FLEXIBLE INSULANTS 





IOCO Limited manufacture insulating cloths 
and tapes with dielectric strength appropriate 
to the various classifications. Special 
qualities have exceptional thermal stability, 
mechanical strength, moisture resistance and 
ability to withstand flexing and abrasion. 





FORMAPEX 
Laminated plastic boards and sheets, paper or 

fabric based, are used widely for terminal boards, switchgear, 
rigid insulation, etc. 


C55 10CO LIMITED 
BX | Anniesland, Glasgow, W.3. _ Telephone Scotstoun 5501-6 


P.0. Type 3000 
The most versatile relay 
available today. 
Coils up to 120,0000 N ETRA 
Spring Set Insulation up to 
5KV 


OSCILLOGRAPH 
RECORDING 
CAMERA 













Reg'd Design No. 881830 





Also 
Type 600 
Polarised 

A.C. Relays 
High Speed 
Uniselectors 
Key Switches 






Are you aware of the variety Latching Relays : 
of coneact yrulid-epe we can Magnetic Counters Capacity 
assembie our problem may = 

not be as bad as it seems if you Miniature Sealed Relays 200 ft. 


take advantage of our wide 
experience in the unlimited or 400 ft. of 35 mm. film 


uses of this adaptable product. CL. 2 lt the 


@ Quotation by return ————— 
@ Prototypes within 48 hours e e 

@ Good delivery guaranteed Seoecatists P , PROTOTYPES—EXPERIMENTAL MODELS 
PRECISION GEARING AND SPROCKETS 


( . 4G y na ii 
feck Davis (Relays) Led 12, OVAL ROAD, LONDON, N.W.! 


(DEPT..E') TUDOR PLACE ,LONDON, W.} Telephone: GULliver 2353/4085 


TELEPHONES MU UM 7360 ANGHAM 4821 
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Miso Heasden says 
othe dees net Rnow 
what a rsistOr is 





" Electrothermal & 





ahe should ash ua... 
Wl know quite a lot 
olrout them 


wire wound resistore 
by 


Flectrothermal 





WRITE FOR CATALOGUE No. 330/K 
ELECTROTHERMAL ENGINEERING LTD., 270 NEVILLE ROAD, LONDON €E.7. 
Telephone: GRA 991 1. Telegrams: Electrotop London. 
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Precision Parts in WYZON - 


CUT COST OF ENGINEERING 





GG MINIMOULDINGS 
are the product of a unique 
high speed method of injection 
moulding which minimises 
shrinkage problems and dimen- 
sional variation of conventional 
multi-cavity mouldings. Quan- 
tities 50,000 to millions. Avail- 
able in all Thermoplastics. 


% Send us one of your small assemblies for a ‘quick quote’ — it may surprise you ! 


GEORGE GOODMAN LTD 


ROBIN HOOD LANE - BIRMINGHAM 28 - Tel: SHIRLEY 4491 


PRODUCTS | 





PRECISION MADE TO YOUR SPECIFICATION £ 
SIZES FROM NEXT-TO-NOTHING UP TO i oz. 
HIGH RESISTANCE TO ABRASION 

HIGH DIELECTRIC STRENGTH 

TOUGH, SELF-LUBRICATING, etc. 
AUTOMATIC INSERT MOULDING 


INTERNATIONAL 
PLASTICS EXHIBITION 


OLYMPIA JUNE 17-27 inc. 


Come and See us on 


STAND 220 


* ie 








The choice... 





---Of the discerning engineer 


Type 65. A larger version 


Type 43. A neat and com- 
offering 5” of scale for a 34” 
ne lumi 


pact instrument offering 3.2” 
of calibrated scale for a 2}” 
body diameter. Wei'ght 
approx. 7} ozs. 





ly 
version available. 


The Sifam Technical Representative 
will be glad to call and discuss your 
instrumentation requirements. Write 
or telephone now. 





SIFAM ELECTRICAL INSTRUMENT,CO. LTD. 
Leigh Court, Higher Lincombe Road, Torquay, Devon 
Torquay 4547-8. 
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Fordelivery SERVO AND ELECTRONIC SALES LTD., 
ex stock 1, HOPTON PARADE, STREATHAM HIGH RD., 
from:— LONDON, S.W.16. Tel: STReatham 6165 





AP1372 AP10428 AP10855 


Transmitter | AP6547 AP10852 AP11100 AP6550 AP10965 AP10738 
PTS. AP11101 
Transmitter AP10456 
SY-L Transmitter AP10637 AP10638 AP10866 API1123 
eo A 
Coincidence = P1040 AP10636 AP10682 AP10739 AP11112 
— AP10954 
— AP10747 AP10952 
F.T. Transmitter AP10687 AP10689  AP10741 AP10742 AP10742M 
Hunter incdg. AP3946 AP6548B AP10854 
S.A. Hunter AP10731 AP10865  AP10645 AP10732 AP10872 
M.C. Hunter 0735 AP10938  AP10646 AP10870 AP10964 
SY-L Hunter OS1901A  0S1902A 
ies AP10640 AP10859 AP10861 
AP10858 AP10860 AP10966 AP10874 
Receiver OSHZ3A AP6549 AP6549A, 
Motor and AP10642 AP10643 AP10862 AP10743 AP10877 OS3255A 
AP10940  AP10957 


Generator 
MANY OTHER TYPES AVAILABLE. YOUR ENQUIRIES ARE WELCOMED 
SERVO SYSTEMS AND COMPONENT BROCHURE SENT ON REQUEST 


A. C. SOLENOID TYPE SAM/T 


Continuous 14 oz. at }” 














Instantaneous to 54 lbs. 


Larger and smaller 
sizes available 


Also — Transformers to 
7 kVA 3 phase 


Current Transformers 100/5 to 2000/5 





All classes. 
R. A. WEBBER LTD. 
18, FOREST ROAD, KINGSWOOD, BRISTOL. Phone: 67-4065 
EE 9184 for further details 
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big technical backgro 
Sole Manufacturers and Exporters: 


ARDENTE ACOUSTIC LABORATORIES LTD. 


8-12 MINERVA ROAD, NORTH ACTON, LONDON, NWIO0_ Telephone: ELGar 3923 
Suppliers of components and hearing aids to the Government and manufacturers all over the world 


3 “The min ature 





‘compon 








ents ’ ” 











LALLA SANNA He RR 















99-9999 * : 


The production of semiconductors and of intermetallic compounds for thermoelectric 2 
devices has resulted in a demand for very high purity metals. To meet these =< 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing hee 
the following metals to purities of the order of 99-9999%: re 


BISMUTH - CADMIUM - INDIUM ~ LEAD - SILVER - ZINC 


) 


These “TADANAC” Brand tals are available in the United Kingdom and Europe from 


eS 
= 
HENRY GARDNER = 





AND COMPANY LIMITED 


2 METAL EXCHANGE BUILDINGS - LEADENHALL AVENUE -« LONDON - 


Telephone: MANsion House 4521 


E.C.3 


whose Technical Service Department, backed by the full resources of the producers’ 44 
; Research Division, will welcome enquiries. > 
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SCINTILLATION 
SPECTROMETRY 





Non-overloading Linear 
Pulse Amplifier NE 5202: 


With 5 microsecond recovery 
for 100 times overload. Designed 
for scintillation spectrometry 
and pulse height analysis studies, 
has amplifier features high gain 

(50,000), high gain stability 
(better than 0.25% per week), 
good linearity, low noise (less 


than 40 microvolts at input), 
excellent overload characteris- 
tics, and operation at high duty 
cycles. Rise time 0.2 micro- 
seconds and integral linearity 
0.15%. Preamplifier NE 5202A 
also available. Based on the 
double delay line differentiated 
Fairstein system, it consists of 
three high gain feedback groups 
and a White cathode follower 
output. 





Resolving time 1.2 microsecs; 
3—140 volts operating range 
with energy zero drift less than 
0.05 volts per au © to 10 volt 


gate width with less than 0.01 


volts per day drift; maximum 
counting rate, 2 x 10°c.p.s. 


Single Channel Pulse 
Height Selector NE 5102: 





E.H.T. Supply Unit NE 
5302: 


E.H.T. Supply Unit NE 
5303: 


With minimum of noise and 
ripple; output stability.o.01 %; 
low noise and ripple—less than 
1 mV RMS; output voltage 
continuously variable from 500 
—1,800 V; output current smA. 


As NE 5302, but with output 
voltage range from 1000—s5000V. 





Containing White cathode 


follower preamplifiers with noise 
level of 25 microvolts; photo- 
multipliers of 1” or 2” can be 
accommodated; for general use 
or for C14 =< Re = gp in- 
vestigations with special rotary 
light locking device. 


Shielded Scintillation 
Head Units NE 550! 
and 5502: 





Other Units Available: 


Precision Ratemeter NE 5401 
with eight ranges and six time 
constants. Scanning scintillation 
spectrometer NE 8601. 
Multi-channel scintillation spec- 
trometer NE 8201 for industrial 
tracer investigations. 
Scintillometers for geophysical 
exploration. 





Cr4 and H3 counting unit 
E 8301. 

Moisture and density gauge 

NE 8401. 

Exclusive concessionaire for 

C.D.C./Bendix _100-channel 

Transistorized Kicksorter in 

Great Britain. 


Sole agent for Harshaw Sodium 
Iodide Crystals in the United 
Kingdom. 


For full details of the above and of our SCINTILLATION 
PHOSPHOR PRODUCTS (plastics, liquids, loaded liquids, 
crystals, gels, neutron detectors, and chemicals) write to:— 


NUCLEAR ENTERPRISES (6.B,) LTD, 


SIGHTHILL, ED:NBURGH, 


11, SCOTLAND. Tel: 


CRA 4513 


Associate Company: Nuclear Enterprises Ltd., 1750 Pembina Highway, Winnipeg 


Canada (ndh) 708 
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Patent No. 619178 
and Patents pending 


SOLE LONDON 
DISTRIBUTORS of 


ELCOM 


MINIATURE MULTI- 


SOCKETS 


A full range of connectors from 
2 to 33 way, proven in use by the 
electronic industries of the world 





The easiest and quickest way of 
cutting holes in SHEET 


METAL. 

each 
7 ae 12/9 
“or i” = (a) 13/9 
1”, ik” or 1}” (b) 16/- 
8 (b) 18/- 
I (b) 20/6 
(eS bas «. (c) 30/- 
Pls” aie «. (c) 33/6 
2%” ; . oo = 


i” square 


(b) 29/- 
Keys (a)—I/-; (b)—1/6; (c)— 
2/3. 








40 Page FULLY ILLUSTRATED CATALOGUE of Electronic 
and fri-Fi Equipment free on application 











ERRY' 


awe =) 
25 HIGH HOLBORN, 


Tel.: HOLborn 6231/2 


u 
Loeaees, W.C.I. 








Aerial socket C.S.3. com- 
pletely insulated with new 
Polythene shield; meets B/S 
415 Pin Test specification. 
Write for details and free 
samples: 


PANORAMA RADIO CO. 
73 WADHAM ROAD, PUTNEY, LONDON, S.W.15 
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COMPLETELY 
INSULATED SOCKET 


COAXIAL PLUGS 
CP1, & CP2 
Send for details 














Solenoids are normally 
despatched same day 
as receipt of order. 








QUICK DELIVERY | 
| 


| | 
| 
HH 


| 
| 
le 








! 6 v-460 v A.C. and 


PHIL-TROL 
SOLENOIDS 


Range covers types 41 and 
42 (front 1” x 1}”) 38, 39 
and 40 (front 14” x 12”) 
and power A.C. and D.C. 
sizes up to 650 inch-Ibs. 


D.C. types 








PHILLIPS CONTROL (G.B.), LTD. 


Dept. G7, Farnborough, HANTS. 


Tel: Farnborough 1120 
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\Birch/ 
VITREOUS 
ENAMELLED 


RESISTORS 











FERRULE END TYPE 
(JOINT SERVICE — TYPE APPROVED) 
9 SIZES — 10 to 250 WATT 






Fully vitrified porcelain former, winding 
80/20 nickel chrome wire. High rating, 
liberal safety margin and tolerance. 





WIRE END TYPE 
7 SIZES — I} to 30 WATT 





Axial or radial leads, tinned, securely 
fixed to the unit and capable of support- 
ing the weight of the resistor, which can 
therefore be soldered in to equipment. 





ially developed enamel of these resistors, fuses to an 

intensely hard, high gloss surface giving complete protection to 
winding under the most adverse conditions. The enamel is 
completely inert at all times and free from crazing, which allows 
wires of the finest procurable gauges to be safely employed. 
Hence a wide range of resistance values is available in each size. 


Write for List No. 190 





eatorsTrereind 


H. A. BIRCH & CO. LTD. 


WOOD STREET, WILLENHALL, STAFFORDSHIRE 

Telephone WILLENHALL 494 « 495 Grams WILOHM WILLENHALL 

LONDON OFFICE: 1-5 NORTHOLT ROAD, HARROW, MIDOLESEX 
Telephone : BYRON 51/20 


Teaode 











MAY 
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This coupon can 
put your gooas on the 


AMERICAN MARKET 
in 7.A-hours 


YOUR NAME AND BUSINESS ADDRESS 





Please ring me and arrange for one of your air freight 
specialists to visit me. I would like all the facts and 
figures of Seaboard & Western’s transatlantic freight 
services—and his help in assessing their value to my 
business. 


IT’S MORE THAN LIKELY THAT 


SEABOARD & WESTERN 


CAN HELP YOU 
JUDGE FOR YOURSELF 


Air freight has grown 500% in the last nine years, 
and much of this increase consists of bulk ship- 
ments of normal production—not just rush cargo 
or delicate consignments. Today the exporter 
profits from demand wherever and whenever it 
exists, by using air freight to put goods in the 
right place at the right time. Because Seaboard & 
Western is an all-freight airline it offers you:— 

*HIGH FREQUENCY OF SERVICES— daily across the 
Atlantic by Super Constellation Airtrader. 

*BIG CAPACITY —Seaboard Airtraders were first to 
fly entire plane loads of Textiles, Apparel, 
Machinery, Chemicals, Electronics and Jet 
Engines across the Atlantic. 


Cut out, complete and return this advertisement to: 


SEABOARD & 
WESTERN AIRLINES 


1.A.T.A. MEMBER CARRIER 
21 CORK STREET - LONDON W.1 
OR RING REGENT 7515 


WITH BRITISH OVERSEAS AIRWAYS CORPORATION 


. operators of the biggest fleet of all-freight Super Constellations 
fying the Atlantic. Leading Agents use Seaboard ‘‘Airtraders’’. 
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Why this is the 


PRECISION 
WIRE-WOUND Res 






most in 
isTor , d 

























1 Available manufacturing 
tolerances down to +0°05% 
at 20°C, +2°C. 


2 Overall stability after con- 
secutive tests under extreme 
conditions better than 010° 
normally—o'o5%, or better. 


3 Temperature coefficients 
t°O12% or +°002%/°C., or 
negligible (using manganin 
wire). 
4 Rugged hermetically sealed 
construction featuring: — 
(a) Robust plated brass case. 
(6) Ceramic end seals 
soldered in, and siliconed 
to prevent moisture 
tracking. 


5 Lead-out wires are isolated 
from winding wires by the 
ERG intermediate floating 
wire system, and securely 
soldered to end seals—no 
strains or stresses can, there- 
fore, be transmitted to the 
winding. 

6 AllLERG Tropical Precision 
Wire-wound Resistors are 
wound for minimum induct- 
ance consistent with a high 
voltage resistance. 

7 Available in seven different 
sizes, five also with stud fixing 
—specials and matched pairs 
manufactured to order. 

8 On Ministry Approved 
Lists. 





(c) Insulation resistance to 
case > 10!%Q, 















Other products include Vitreous coated Silicone & Glass Bond Resistors, 
Transformers, Chokes and interleaved Coils. 





ERG 


ERG INDUSTRIAL CORPORATION LTD. 18 MANCHESTER ST. LONDON W.1I 








Tel: WELbeck 8114/5 Trade Mark 
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COMPUTOR 
sub- assemblies 
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At least 100 BRIBOND printed 
circuits will be used in the 
Solartron * SPACE 48’—SPACE 
standing for Solartron Precision 
Analogue Computor Equipment. 





with Printed Circuits 


Gold pluted tor reliability 


Bribond Printed Circuits complement modern electronic 
planning and component manufacture. For Bribond 
have mastered the technique of double-sided Printed 
Circuits, with all the advantages of gold-plating and 
notation. Electronic engineers will be quick to appreciate 
the benefits of gold-plating to check corrosion and sim- 
plify soldering and of notation for ease of component 
insertion. These two advances are considered by Bribond 
to be essential for quality computor installations. 
Each individual circuit is subjected to rigid inspection 
at three vital stages of production, enabling us to offer a 
completely reliable service, both as regards quality and 
delivery. This applies whether your order is for one or 
one thousand. 

Only by achieving this high standard can Bribond claim 
a place in the highly technical field of computor con- 
struction. We welcome the opportunity to collaborate 
with manufacturers and to provide the printed circuits 
that so greatly assist in the simplification of the 
complicated process of assembly. Send to the address 
below for full details and samples. 


48-hour Prototype Service 


A special Prototype Service can produce the initial experi- 
mental circuit on which final production can be planned. 
All we need is a clean circuit image, larger than actual size 


on a dimensionally stable drawing material. 


YY) printed circuits 


BRIBOND LTD., BURGESS HILL, SUSSEX. Tel: Burgess Hill 8561! 
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FM-AM STANDARD-SIGNAL 
GENERATOR 





Type MS27 





0.3-240 Mc/s 


@ ° Wide frequency range with crystal calibration of dial 

@ j.0 to +50kc/s incremental tuning valid on all ranges 

@ Electronic fine tuning without backlash 

@ FM ranges from -+-5kc/s f.s.d. to +75ke/s f.s.d. with 
high accuracy 

@ Simultaneous FM and AM monitored by built-in 
meter 

@ Rugged and reliable construction 

@ Protective cover with compartments for cables and 


instruction manual available on request 





Specifications: 
FM: +5, +25, +75 ke/s f.s.d. 
In addition up to +600kc/s 
Distortion: Below 2°, at +75kc/s 
AM: 0 to 80% 
Distortion: Below 5° at 50% AM 


OUTPUT: 0-1V to 0-1V across matched load 
(0-2uV to 0-2V emf) 
50 and 75 ohm outputs. 


Radiometer supplies: 


AF OSCILLATORS 
R-L-C BRIDGES 


STANDARD-SIGNAL 
GENERATORS 


VACUUM TUBE VOLTMETERS 
WAVE ANALYSERS 


RADIOMETER 


72 Emdrupvej, Copenhagen NV-3, Denmark 


Represented in Great Britain by 
Livingston Laboratories Ltd. 
Retcar Street, London, N.I19 


1H? 
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RELAYS 

ELECTRONIC CONTROLS 
TIMERS 

FLUID & GAS CONTROL 


The 1959 Edition of our Data Book is now 
available, it contains 44 pages of 
illustrated descriptions of our products. 

If you are interested in Automatic 
Electrical Control Apparatus a copy 

No. 144/E/E will be sent free on request. 


LONDEX LTD. 


ANERLEY WORKS, LONDON, S.E.20 
Telephone : Sydenham 3111 





Precision Tools 
and 


Pressings, Springs 


IN ALL METALS TO THE FINEST LIMITS 
FOR THE ELECTRONIC, AIRCRAFT AND 
OTHER PRODUCTIVE INDUSTRIES. | 


Electro Erosion for General Tool 
Making for the Trade. 


Springs and wire shapes in all metals. 
Helical tension compression and tor- 
sion springs from 40 S.W.G. to 3/16 dia. 
wire. Fuse Clips. Transistor Holders. 
Contact Springs and cable sleeves from 
transfer presses and progressive press 
tools. 


eect tea SPRING STEEL PRODUCTIONS L!? 


784-788 HIGH ROAD, TOTTENHAM, LONDON, N.17. Tel: TOTTENHAM 0732/0940 
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request. 

























/ , ie oi Solartron pre-packaged Transistor Power Supplies, either as completely 
ba 
A sl ie } enclosed bench units or as sub-units, save untold time and trouble for 
Fa _ : 
S@OLARTRON manufacturers who make or use equipment that employs transistors. The 
gS ; \ p. : advantage of a Solartron unit is that it is handy, compact, adaptable, and 
| he we } under all circumstances absolutely reliable and tested. The output voltage 
\ ~~ : ae , 
MITS en ee a is completely stable so that you can always eliminate the power unit from 
AND AA . nad . consideration as a possible source of trouble. Write now for full 
cee Stabilised transistor power supplies pitts vn 
ED. descriptive literature, to The Solartron Electronic Group Limited. 





AS 757 AS 758 AS 759 AS 852 AS 854 AS 855 


Bench Bench 
Bench or rack | Sub-Unit | orrack | Sub-Unit | Sub-Unit 





tals. Output voltage : + 0-50 40-30 | 15-135] + 30-50 | + 115-325] + 325-50 
tor- Output current : 0-14 0-10A 0-14 0-10A 0-1A 0-14 
dia. Output resistance : 0-010 0010 0010 0012 0010 0010 
ers. Output Z to 100 Ke/s: 022 02Q 022 022 022 02Q 
rom 

Stability factor 200 :1 150:1 200:1 150: 1 200: 1 200: 1 
ress : 


Ripple and noise 











(peak to peak) : lmv 1mV lmvV lmvV lmvV lmvV 
Mains input : 90/130 Volts, 200/240 Volts. Permissible deviation + 7% 
Appx. Appx. 
Dimensions : 12}°x 8°x 13° | 22°x 10}°x 16°] 73°x 5§"x 53° |22"x 10$*x 16°] 8x 6°x 6° 8*x 6°x 6° 


(33x21x33em.) | (56x27x4lem.) | (18x15xl4em.) | (56x27x4lem.) | (20x15x15em.) (290x15x15em.) 



































Appx. weight : 25 Ibs. 55 Ibs. 74 Ibs. 60 Ibs. 8 Ibe. 8 lbs. 
(11-5 kg.) (25 kg.) (3-5 kg.) (27 kg.) (3-8 kg.) (3-8 kg.) 
THE SOLARTRON ELECTRONIC GROUP LTD 
AS 757 AS 759 THAMES DITTON * SURREY Telephone: Emberbrook 5522 


Telegrams and Cables: Solartron, Thames Ditton * International Telex: 23842 Solartron T.Dit. 
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Illustration by kind permission of 
The M.O. Valve Company Limited 


CvS8-53! 


avOM 4s 


te) Bre), | 


¢ S 


SONS . 


©.FLC. COPPA 


RODS, BLANKS AND 


MACHINED 


PARTS 


FOR TRANSMITTING, 


INDUSTRIAL AND 


SPECIAL VALVES 


THOMAS BOLTON & SONS LTD, 
Head Office: Mersey Copper Works, Widnes, Lancs. Tel: Widnes 2022 
London Office & Export Sales Department: 168 Regent Street, W.1 


Telephone: REGent 6427. 





Wilkinsons 
ot RELAYS 


P.O. TYPE 3000 
BUILT TO YOUR SPECIFICATION 


Contacts up to 8 changeover 


KEY SW 


ALL TYPES 
UP TO 
4CO /6CO 


RACKS—POST OFFICE STANDARD. 6 ft. high with U- 
channel sides drilled for 19in. panels, heavy angle base, 4ft. 
10 in. aiso in stock. 


VARIABLE TRANSFORMER 230 volts A.C. 50/60 cycles. 

Output infinitely variable from 0-270 volts 9 amps. Brand new 

€15 cge. 12/6. 
QUANTITIES 
AVAILABLE 


CALLERS 


WRITE FOR 
@ weicome ®@ LISTS 





Micro- 
amuneters 
Milliameters 
Ammeters 
Voltmeters 
Meggers 
Magnetic 
Counters 
Loudspeakers 
Rectifiers 


Potentiometer 
Resistors 
F.H.P. Motors 
Switches 

Fans 

Blowers 
Regulators 
Contactors 
Plugs 

Sockets 
Terminals 
Thermostats 
Elements 
Oscilloscopes 
Jacks 

Fuses 

Lamps 

Cable 
Receivers 
Transformers 
Chokes 
Insulators 


Microphones 


L. WILKINSON (CROYDON) LTD. 
19 LANSDOWNE RD. CROYDON SURREY 


Phone: CRO 0839 Lele tear} 
EE 9202 for further details 
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WILCO CROYDON 


HALF-TON LOADS 

A ONE-MAN LIFT 

e NO BATTERIES 

© NO UPKEEP COSTS 

e NO OPERATING SKILL 





There’s nothing to touch the Hydra- 
truck. Amazingly easy to operate, 
thousands are in daily use. The most 
economical method of handling ever 
devised—even for awkward loads in 
confined spaces. 

A unique 2-way tilting platform) 
makes loading and unloading easief 
than ever. HAND— or POWER= 
operated model available. 


Prices from £125 Ex. Works. 


Write for Fully 
Illustrated Technical Booklet MI/235 


OWER JACKS 


LIMITED 


VALETTA ROAD ACTON W.3 


Shepherds Bush 3443/6 Grams: Newsorber Ealux Londes 


EE 9203 for further details 
MAY 1959 





the Hydra- 
to operate, 
e. The most 
ndling ever 
ard loads in 


g platform 
ading easier 


er details 


1959 











READER INFORMATION 
SERVIGE 


Hectronic 
Engineering 


Please arrange for me to receive further details about the products, the reference number(s) of which 
| have ent E ‘ 

EE EE EE EE 

EE EE Se E seal EE 

EE EE EE EE 

EE i EE EE EE EE 


EE EE EE EE EE 


READER INFORMATION 
SERVICE 


If you would like to receive further 
information about any item adver- 
tised, or mentioned in the Electronic 
Equipment section, in this issue 
simply enter the appropriate ref- 
erence number(s) on one of the 
cards opposite and post to “‘Electro- 
nic Engineering” (no postage stamp 
necessary if posted in Great Britain 
or Northern Ireland but overseas 
readers must stamp the card). We 
will contact the manufacturer or 
supplier concerned. No obligation 
is incurred. 


| would also like details of 

YOUR NAME POSITION 
NATURE OF BUSINESS 

NAME OF BUSINESS 

ADDRESS 


PLEASE USE CAPITAL LETTERS 


Flectronic READER INFORMATION 
Engineering SERVICE 


Si vous désirez recevoir des ren- 
seignements complémentaires sur 
tout article annoncé, ou mentionné 
dans la section de l’Equipement 
Electronique, dans ce numéro, il vous 
suffira d’insérer le numéro (ou les 
numéros) de référence appropriés sur 
l’une des cartes ci-contre et d’adresser 
la carte a “Electronic Engineering”’ 
(ne pas manquer d’affranchir). Nous 
nous mettrons en rapports avec le 
fabricant ou fournisseur intéressé. 
Cela ne vous engage aucunement. 


Please arrange for me to receive further details about the products, the reference number(s) of which 
| have entered below. 


EE - alist, EE EE 
EE EE ” EE EE wsitacecieie Te 
EE ‘ EE = EE : EE 
EE : EE EE EE 
EE EE EE EE 
1 would also like details of. 

YOUR NAME : ° POSITION 

NATURE OF BUSINESS 

NAME OF BUSINESS 

ADDRESS 


Falls Sie iiber irgendwelche Artikel 
die in unserem Inserat oder im Teil 
‘Electronic Equipment’ (Elektro- 
nisches Ausriistungsmaterial) dieser 
Ausgabe erwahnt sind weitere Aus- 
kiinfte wiinschen, bitten wir Sie die 
betreffende Referenznummer oder- 
nummern einfach auf eine der Karten 
gegeniiber einzutragen und dieselbe 
an “Electronic Engineering”’ (Brief- 
marke erforderlich) abzusenden. Wir 
werden uns mit dem betreffenden 
Fabrikanten oder Lieferantem in 
Verbindung setzen. Dies ist fiir Sie 
vollstindig unverbindlich. 
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Flectronic READER INFORMATION 
Engineering SERVICE 


Please arrange for me to receive further details about the products, the reference number(s) of which 
| have entered be 


EE EE EE EE EE 
EE ; EE sii EE EE amen EE 
EE ‘a EE , EE E EE 
EE sisal EE EE : EE 
EE EE EE E EE 


Ecau untatenb *kenmaeT uMeTL 6onee 
NoxpoOunle CBeqHHHA O MpowyKTax, 
YOOMAHYTLIX B OOBABIEHHAX HAM B 
TeKcTe pasqena ‘“‘OnenTpounoe Odo- 
PyAOBahne** HacTOAWero HOMepa, Mpo- 
CHM OTMCTHTB CCbIiaeMblii HOMep(a) Ha 
OMHOM 3 KapTO“eK HM OTMpaBHTb ee 
(ontavennoit mouTOBOi MapKoit) mo 
aqpecy ‘Electronic Engineering.’’ Mu 
CBAYKeM uHTaTelA, 6e3 BcAKOrO O6AB3Aa- 
TENbCTBA C erO CTOPOHLI, C COOTBeTCT- 
Bye dupmoh da6puKaHTOB HIM 
HOCTaBLIMKOB. 


| would also like details of 
YOUR NAME 

NATURE OF BUSINESS 
NAME OF BUSINESS 
ADDRESS 
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MORGAN BROTHERS (pustisuers) LTD., 


28 ESSEX STREET, 
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,improve your 
| production 


and 


your product 


Use the new, sheet metal fastener THE ROSAN PRESS 
NUT. This nut provides a quick and secure deep tapped 
hole in metal sheet or plate—and it is cheaper. Only a 
year after its introduction it is being widely used in 


industry. 


Famous concerns using the Rosan Press Nut 


include: 


ale), Ape fe) 74 ¢-) 








Drill or punch hole in sheet 
metal to specified diameter. 
Insert smaller flange into hole. 
Apply impact force to exposed 
edge of serrated flange of 
Press-Nut. 


Note that impact flows sheet 
metal into space between 
flanges, locking the Press-Nut 
securely in place. Teeth of the 
Serrated flange broach them- 
Selves into the parent metal 
Preventing rotation. 


MAY 1959 (vu) 


Chubb & Sons Lock & Safe Co. Ltd. 


Keith Blackman Ltd. 

Dynatron Radio Ltd. 

Elliott Brothers (London) Ltd. 

Electric & Musical 
Industries Ltd. 

Igranic Electric Co. Ltd. 

Claude Lyons Ltd. 

Marconi’s Wireless Telegraph 
Co. Ltd. 

The Plessey Co. Ltd. 

Pye Telecommunications Ltd. 

Standard Telephones & Cables 
Ltd. 

The United Kingdom Atomic 
Energy Authority 

Vickers-Armstrongs (Engineers) 
Ltd. 

Westinghouse Brake & Signal 
Co. Ltd. 

and many others. 

If you do not know about it 

write today for a descriptive 


leaflet and samples, without 
cost or obligation to:— 
INSTRUMENT SCREW CO. LTD., 


Northolt Rd., South Harrow, 
Middx. Tel: BYRON II4I 


Pat. App. 
No. 19826/57 


ACTUAL SIZE 
OF A 4 BA. NUT 


cuss 
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KHO 


PRECISION 


WIREWOUND 


RESISTORS 


New and improved production techniques 
ensure the KHO Resistor’s qualities of 
absolute reliability, exceptional _ stability 
and complete resistance to extremes of 
temperature and humidity. Temperature 
coefficients guaranteed. Accuracy can be 
to +0.015%. 


Many will find their requirements within the 


STANDARD RANGE — 0.12 to 4MQ. 
Stability — 0.02%. 

Ratings — 4W,3+W,4W,1Wand2W. 
Tolerances (set at 20°C) — +0.05%, +0.1%, 
+0.25%, 40.5% & —+1% or 0.019, 
whichever is greater. 

Matched pairs and groups supplied to greater 
accuracy. When required, resistors can be set 
at Buyers’ specified ambient temperature and 
loading. 


SPECIAL TYPES of resistors outside the 
standard range made to order. (MINIA- 
TURES, AMERICAN EQUIVALENTS, 
resistors of greater stability, higher and 
intermediate ratings, lower temperature co- 
efficients, etc.) 


DELIVERY — Prompt and reliable. 


LAWRENGE ELEGTRONIGS 
53, Hornsey Road, London, N.7. 


Telephone: NORTH 3445. 
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SEE 


MILLIMICROSECOND 
PULSES 

ON A 

NORMAL 
OSCILLOSCOPE 
WITH THE LION 


NANOSCOPE is the registered nameZof ‘an ‘auxiliary unit (developed at the 
A.E.R.E., Harwell) which enables a normal, D.C. coupled oscilloscope having a 


bandwidth not exceeding 50 kc/s to display millimicrosecond phenomena. 


LION ELECTRONIC DEVELOPMENTS LTD 


LION WORKS HANWORTH TRADING ESTATE FELTHAM MIDDX. 
Telephone : FELtham 666! (5 lines) 


|| RESISTANCE WIRES AND TAPES 
BROAD-BAND of highest grade 


microwave measurements Fully complying with relevant British Standards 


in 











For Static or Sweep measurements 
throughout complete waveguide band 


Nickel Chromium 


Nickel Chromium Iron 





Copper Nickel | 
$°2—12°4 k Mc/s Pure Nickel 
(Waveguide 16) also 
: Stainless Steel , 
You need aaa 


oH i Li P. i Fine Titanium 


Xx. — Resistance wires supplied down to 0.0006” 
and microwave equipment : and with characteristics 


Product of Philips Industrie, Fran 





suitable for vitreous enamelling 











Fully detailed illustrated literature on request to : 


Sole Distributor in U.K 


RESEARCH & CONTROL INSTRUMENTS LTD || ALLOY WIRE CO. LTD. 

















Instrument House, 207 King's Cross Rd., London, W.C.1 Lawrence Lane, Old Hill, Staffs. 
Telephone : Terminus 8444 Telephone: Cradley Heath 66775. ' Telegrams: Wireloy, Cradley Heath 
‘eiehinnees EE 9208 for further details 
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W mincties Nae 


The Lead-Through and Stand-Off Terminals 
with Poly-Tetra-Fluoro-Ethylene (Fluon/ 
Teflon) Insulators and silver-plated Conductors. 





erminettes 


are SELF-SEALING, SELF-FIXING 


withstanding vibration at 20G at 1,500 
cycles; are moisture-repellent and have high 
insulation—from 3,000 to 25,000 volts accord- 
ing to size—a working range of temperatures 
from —80° C. to +300° C. and are available 
in 30 different standard types, each type in 

at the 9 different colours. 
laving a 


TD | Yerminettes ... 


Dox. the World’s most economical Terminals, 
made and guaranteed by 




















rds 
The Myria 
Megohmmeter 

MYRiA—the new electronic 

5” insulation tester measures 
from 50,000 ohms to 200,000 
megohms with test voltages The Myria requires no bat- 
of 100 and 500V. It is only teries or generators for its 
necessary to select the appro- operation. It is widely used 
priate range and read the for the routine testing of 
resistance on the meter. power and telephone cables. 


TO. 


. 


Electronic Instruments Limited 





y Heath 
r details RICHMOND * SURREY * ENGLAND Telephone : Richmond = 
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6 CHANNEL C.R.T. FILM RECORDER 


For the simultaneous permanent recording onto 
film, for subsequent analysis, of up to six 
physical variables, e.g 


LOAD, FORCE, STRAIN, 
DISPLACEMENT, PRESSURE, 
ACCELERATION, TORQUE, 











: We have the meacure eee 


LOADS: PRESSURES 
DISPLACEMENTS 


For measuring and indicating (up to 6 channels) 
DRAW BAR PULL, GUY WIRE TENSION, 
SHAFT ECCENTRICITY 
THICKNESS, TENSILE CREEP. 

STRAIN IN MACHINE MEMBERS 
TENSILE LOADS, 

FLUID OR GAS PRESSURE, 
TORQUE, etc. 


SINGLE-CHANNEL PENDEFORD SET 


VIBRATION, etc 





HIGH PRECISION AUTOMATIC MANOMETER 
For the measurement of pressures from a few 
inches water gauge up to 100 pounds per square 
inch, to an accuracy of one part in ten 


thousand of the full-scale range. 


DISPLACEMENT 
TRANSDUCER 





PRESSURE 
TRANSDUCER 


LOAD RING 


BPA | Electronics 


fox measurement and control 


BOULTON PAUL AIRCRAFT LIMITED : WOLVERHAMPTON 





Pee 9, pire ae = RES seth 


jmeROVEO\ CRINKLE © 


SPRING WASHERS 


in BERYLLIUM COPPER 






















Size \'s 
Range \ 
10B.A.to \ 
§” B.S.F. \ 


Satisfactorily meets { 
py the following require- 
y” ments :—Corrosion Re- 
sistance, Non-Magnetic, Ex- ‘ 
cellent Electrical Conductivity, | 
High Tensile Strength up to785 
tons per sq. in., Prevents Damage 
to surfaces to be locked together. 
Made to Admiralty Signal & Radar 
Establishment Spec. A. 110000—Ap- 
proved by RAE/RSP.318 & RCL. 224. 


Supplied .G.C.Q., A.I.D. or A.R.B. Re- 
leased. ; 









Prices & Samples on request. 


DAVID POWIS £ SONS LTD. 
FORWARD WORKS — SPARKBROOK - BIRMINGHAM Il - PHONE: VIC. 1264-8 
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PARKERS 
SHEET METAL 
FOLDING MACHINES 


HEAVY VICE MODELS 


With Bevelled Former Bars 





Carr. free 
No. |. Capacity 18 gauge mild steel x 36 in. wide................ . £710 0 
No. 2. Capacity 18 gauge mild steel x 24 in. wide................4. #5 5 0 
No. 3. Capacity 16 gauge mild steel x 18 in. wide.................+ £5 5 0 


End folding attachments for Radio Chassis, Tray and Box Making...for 36in 
model, 3/6 per ft. Other models 2/-. The two smaller models will form 
flanges. As supplied to Government Departments, Universities, Hospitals. 
One year’s guarantee. Money refunded if not satisfied. Send for details. 


A. B. PARKER, Wheatcroft Works, Wellington Street, Batley, Yorks. 
Tel. 426. 











LEATHER GASES 


WE HAVE HAD 50 YEARS EXPERIENCE 
AND MAKE TO SPECIFICATION 


R. A. BLAIR LTD. 


19 FERDINAND ST., 
LONDON, N.W.| 
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MUREX ‘SINCOMAYX’ MAGNETS 





Le 














a 


are used in this E.E.L. 
GALVANOMETER 
UNIT 





In this new E.E.L. Galvanometer made 
by Evans Electroselenium Ltd. Murex 
‘Sincomax’ magnets are used to meet 


the need for low leakage, high flux 
Actual size of magnet 
Photographs of complete unit and Galvanometer density and magnetic stability. 
Suspension by courtesy of Evans Electroselenium Ltd. 


MURER LTD. 


ebhone 


LONDON S§S 





-When it’s a matter of “life/é6r death” 





~~ — tTD , 


You Bes find Woden Transformers 
specified for reliability on precision 
instruments of every type. 

Rigid construction and careful assembly 
combine to guarantee absolute reliability 
throughout many years of service. 
Catalogues available on all 
types of transformers. 


















WOODEN 
TRANSFORMER 
co. LTO. 







are prowd te 
have been 
associated with 
success of 
the Blech Knight Project 














Woden cast resin trans- 
formers were specified for 
the Melrose’ N.E.P. 
Heart and Lung Machine 


\ 4 : 
WODEN TRANSFORMER CO. 1 o Repaaee 


Phone: BILSTON 42681 
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Powerbpip 


for a positive drive 


Powergrip gives positive control at all speeds. 

The powergrip Drive is compact, stretchless and does 
not need lubrication, thereby reducing maintenance costs. 
Mechanical efficiency is close to 100° and the drive 
operates with gearlike precision. Available in 5 pitches 
and suitable for loads from fractional to 300 Horsepower. 


Distributors in the United Kingdom— 


WILLIAM KENYON & SONS LIMITED 


DUKINFIELD, CHESHIRE 
Tel: Ashton-u-Lyne 1614/7 & 3673/6 


WY 4 a 
; vv : 


























FISCHER BEARINGS CO. LTD. WOLVERHAMPTON 














EE 9218 for further details 








Ask for illustrated Catalogue 


THE ELECTRICAL INSTRUMENT 
CO. (Hillington) LTD. 
HILLINGTON GLASGOW 


London stockists, H. A. Patterson & Ptnrs., Ltd., 
Oxford House, 23 West Wycombe Rd., High Wycombe. 
Telephone : High Wycombe 2769 


PS26 
\\ SIZES : 23” to 8’ 
©@e . UP TO 5000 CYCLES 
oe. PROMPT DELIVERY 
FBC 
MINIATURE 
BEARINGS 
range in size from 1-5 mm. o.d. 
to 10 mm. o.d. Some are made 
with open cups which allow 
clearance for spindle extensions, 
ranging from 0°25 to 2 mm. ; 
Full particulars and sizes are $ 
available on application. : 
The bearings illustrated g 
are actual size. 
also the new SYNCHROSCOPE and Phase 
ALL- Bi F.B.C. FISCHER $ SEQUENCE METER both up to 5Kc. 
BRITISH Regd. Trade Marks 
. : and full range of Switchboard instruments 3 
5 
5 
s 
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‘ZENITH 
““VARIACS” 


Our range includes these two types, the ‘A’ series of each 
giving a double wound variable transformer with L.T. output suitable for use with 
rectifiers and other applications. The ‘C’ series gives limited variation of the 


supply and may be used to give a fixed voltage output 










from a varying mains, or vice versa. 
Page 11 of our catalogue (VAR.4 
Rev. 1) shows the list of various 
windings avail- 
able. May we 


send a copy? 





*Regd. Trade Marks 


Type 70 & Type 80 


THE ZENITH ELECTRIC COMPANY LTD. 


ZENITH WORKS, VILLIERS ROAD, WILLESDEN GREEN, LONDON, N.W.2 
Telephone: WILlesden 6581-5 Telegrams: Voltaohm, Norphone, London 
MANUFACTURERS OF ELECTRICAL EQUIPMENT INCLUDING RADIO AND TELEVISION COMPONENT 














“You can rely on us” 
for ELECTRONIC COMPONENTS FROM STOCK 








Ring EALING 5737 | ERIE RESISTORS 20%, 10% 5% on 
MORGANITE RESISTORS MIDGET TYPE ow 


HIGH STABILITY 1% 2% 5% - 
WIREWOUND SILICONE & VITREOUS EARITE 


Large ranges of T.C.C. and Ene 
HUNTS Capacitors. 


BU 
POTENTIOMETERS — MORGANITE COLVERN LGin 
DUBILIER - EGEN - COLVERN 
AND MINIATURE TYPES 3, 


Sp 
G Lee ‘Mg Ps TRANSFORMERS — Extensive range nemURO> 
and special laboratory types made to 
“ny. specification. ~@ 











CHASSIS, COILS, INSTRUMENTS, SPLIT STATOR and GANGED CAPACITORS, ETC., ETC. 


% We specialise in supplying Development Laboratories, Manufacturers, 


Government Research Labs., etc. CAN WE HELP YOU? 
ILLUSTRATED CATALOGUE AVAILABLE 


RADIO SERVICING CO. 22 south Ealing Road, 


LONDON, W.5 
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Section of Cubicle Control Board, showing CRADLECLIP. 


Everyone fro’ wee —— o the Managing Director ows tha 
two... and it’s done slickness of Cradleclip gets the job done quick 

d with its many other outstanding features—“ Cradleci; h 

for wiring” at every stage of switchgear production and wiring contracts toda 


one... 
and better, an 





NO WONDER WHEN YOU 


LOOK AT THESE BENEFITS One-Two— 


° i 
t i 
@ Brings a new rsa 
compactnes eat 
to your wiring. 
@ Completely insulated d 
suitable for all climates. 
@ Electrical and mechanica | 
security in all conditions. 
e oe ————- — Proof of facts about how you can save 
money on wiring with CRADLECLIP 
Photograph by kind permission is contained in our Time and Motion 
of South Wales Switchgear Lid., Study Rep which is available now at 
] your reque. 


ort 
lackwood, Monmouthshire. st. 


Twice as good .. . twice as quick . . . when you wire with cradleclip 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leestone Road, Wythenshawe, Manchester 
Telephone: WY THENSHAWE 2842 and 3163. 


ELECTRONIC ENGINEERING 
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NEW 


RANGE OF 


TRIMMERS 


lly 








Jackson Brothers Butter 
Trimmer, type C711/719, with 
capacity of up to 65 P.F. with 
0.015 in. air gap each half) and 
up to 15 P.F. with 0.045 in. air 
gap (each half). 


fly Vane 





“a ~ 


Tn 


It’s reliable... 
if it is made by 


LXE CO 
— 


ww 


\ 


\ a “ 


WN 





e~ 5 
4 S wh y 
rf 
C701/709 


Jackson Brothers Trimmer, 

type C701/709. Differential 
Condensers with capacities of 
up to 150 P.F. with 0.015 in. air 


\ 


yy 


(LONDON) LTD 


YY (ea ‘a half). in. air gap 
YY 


KINGSWAY-WADDON~ SURREY Telephone Croydon 2754/5 


. 


X 
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AUTOMAT. 
TRANSFORMERS 


ad 
2 


2 RECTIFIERS 


D.C. 
EQUIPMENT 


Hho best you COW buy! 
AUTOMAT - MOORSIDE RD - SWINTON- MANCHESTER 
— ) 24 for further details 
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Model 


NE -Taylormeter 100A 


SUPER-SENSITIVE ! ! UNIQUE! ! 
WORLD’S FOREMOST !! 






jek eMeleleokom ms 


OUTSTANDING FEATURES: 


Sensitivity 100,000 o.p.v. D.C., 5,000 o.p.v. A.C. 

Current readings from 0.2 microamps—10 amps. D.C. 
(10uA, 50uA, 250nA, ImA, 100mA, 1 Amp, 10 Amps). 

D.C. Volt readings from 10mV—2,500V (25kV by probe)} 
(0°5, 2°5, 10, 25, 100, 250, 1,000, 2,500) 

A.C. Volt readings from 0—2,500V. 
(10, 25, 100, 250, 1,000, 2,500) 

Ohms from 0—200 megohms in 4 ranges (self-contained). 

5 Decibel Ranges. 

5 Output Ranges. Many other advantages. 

Accuracy 2% D.C. 3%A.C. 5% Ohms. 

5” Mirror Scale meter. 

— ae nae Cut-out protects against overloads 
everse Polarity facility. 

Robust and suitable for everyday use. a Soe 


HIRE PURCHASE OR CREDIT é , 6 iS 6 
SALE TERMS AVAILABLE e * 


Write for NOW AVAILABLE! New edition of VALVE MANUAL 
° FOR TAYLOR TESTERS 
full details Gives over 5,000 settings and characteristics. Price 7/6 post free 


: t TAYLOR ELECTRICAL INSTRUMENTS LTD. 


MONTROSE AVENUE, SLOUGH, BUCKS. Telephone - Slough 21381 




















MINIATURE STABILIZED 


POWER UNIT 


TECHNICAL SPECIFICATION 








Mains Input : 200-250v AC 

Outputs : Two 4-pin sockets 

Output DC Current : 0-100 mA shared between sockets 
Output DC Voltages : 150v 200v 250v 

Regulation : 0-15% 0°025% 0°025%, 

Voltage stabilization Ratio : 0-1/5 0°075/5 0-075/5 

Ripple : Less than 0-4mv_RMS on full load 
AC Output : 6°3V, 2A at each socket 

Size : 51" x5)" x52" PAMPHLET No. 1241b ON REQUEST 
Weight : Approximately 9} Ibs 

Delivery : Early delivery can be given 


Other voltages within the range 150-250v can be supplied to order. 


By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD.j nnonce:tinnaieetouspan nantes vis 
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Willy AUMANN, K.G. 


introduce 


the SEQUENTIAL WINDING MACHINE WPA 


for massproducing layer wound coils 
up to 1.2 in. long and 8 in. dia. 









Suitable for winding on bobbins. 


Loading and unloading whilst machine is running. 
Accurate layering without paper interleaving. 
High Winding Speed—Simple operation. 


fF FULLY AUTOMATIC OPERATION 
available for most applications 


& { A wide range of precision coil winding machines 
is available for one-off and large batch pro- 
duction. |Wéinding speeds up to 10,000 r.p.m. 


Full Details and Service from sole U.K. Agents : 


R. H. COLE (OVERSEAS) LTD. 


2 CAXTON STREET, LONDON, S.W.!. 
Tel. ABBey 3061 (10 lines) 
Telex 23864 Telegr. CLAMPING 
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LVE BRID INSULATION 
TYPE Il Our products include— _ . 

Presspahn and Leatheroid; Pressboard; Vulcanized Fibre; 
Cable and Red Rope Paper; Bakelite and Ebonite; Varnished 
Paper and Tapes; Varnished Silks and Tapes; Varnished 
Glass and Tapes; Varnished Cambric, Silk, Glass and P.V.C. 
Sleevings; Cotton Tapes, Webbings and Sleeving; Chatterton 
Compound; Adhesive and Rubber Tapes; Combination Slot 
Insulations, Including Acetate, Tri-Acetate and Terylene. 


PRESSPAHN, LTD. 


BRADFORD, YORKS, ENGLAND 
Established 1900 





atciSTERg, 


WeiisreA 


ELLSTEA 















Telephone : Bradford 25135 (Pvt. Br. Ex.) 


Telegrams & Cables: ‘‘Presspahn, Bradford” <> : —ar 








PLASTIC 


RAPID MEASUREMENT OF r,, gn, and » 


INTERNAL OSCILLATOR AND 
DETECTOR 


@ WIDE RANGE @ ACCURACY 2% 


Send for Illustrated Brochure 


===] TELECOMMUNICATION 
} INSTRUMENTS LIMITED 





Dept. M.E.E. Great Yarmouth, England 
Telephone: Great Yarmouth 4941 

















East 307t23 
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[ Type S.P.I. 
(PA | 
These switches are designed for use in conditions 
where robustness, reliability, low contact resistance 
and long service are required. They are intended 
[ primarily for use in precision resistance units, strain 
i gauge selection, and thermocouple work. 
The ~” diameter stud contacts are made of hard 
copper and the multileaf self cleaning brush is phosphor 
} bronze. 
| Standard types single or multi-pole at an 
economic price in a large variety of forms avail- 
able from stock. 
es 
O- %* LOW INVARIABLE CONTACT RESISTANCE 
mn. %* NEGLIGIBLE THERMAL E.M.Fs. 
i % MULTI-POLE TYPES AVAILABLE 
For full details please request leaflet No. 64. 
| CROYDON PRECISION INSTRUMENT CO. 
HAMPTON ROAD . WEST CROYDON. SURREY Telephone: THORNTON HEATH 4025 
r details 
We all know this man. He’s 5 
the chap who has just tried GGL 
re; 
_ for the first time and can’t 
— stop talking about the wonderful 
lot 
quality and service. He’s a nice man, 
~ really, but he does go on . 
ip) and it isn’t as if we old 
° stagers didn’t rely on GGL 
pe 





service, too. 


| CAPSTAN AND AUTOMATIC 
| WORK AND SHEET METAL 
| PRESSINGS IN ANY METAL, 
ANY FINISH, ANY QUANTITY 


_/e 






' FOR QUICK SERVICE AT THE RIGHT PRICE GET IN TOUCH WITH : 


GRIFFITHS, GILBART LLOYD &CO.LTD. 
Empire Works, Park Road, Birmingham, 18 Tel.: Northern 6221 
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Type 101, 102 
VERY LOW FREQUENCY GENERATORS 


Frequency range | cycle/3 hours—I00 c/s 
Can be stopped and started at any point 
within the cycle without transient. Can also 
be used as a precision variable speed drive, 
modulator, servo response recorder. 





Type 121, 122, 123 
TRANSFER FUNCTION ANALYSERS 


Test frequency .02—250 c/s. Direct indication 
of phase angle and amplitude. Can be used 
directly for testing of DC and AC servo- 
mechanisms, networks, modulators and de- 
modulators. 








Type 102, 103 

AUTOMATIC NYQUIST DIAGRAM PLOTTERS 
Shares with our Transfer Function Analysers 
their unique versatility. A complete Nyquist 
frequency response plot can be produced on 
a 30 cm dia paper in as little as | min. 


SERVO CONSULTANTS LTD 


17, WOODFIELD ROAD, LONDON, W.9. 
Phone CUN 7073 
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FOR USE IN 
ELECTRONIC 
CONTROLLING 
CIRCUITS 










The unit is double-wound, 
vacuum dried and impreg- 
nated, and sealed with 
bakelite varnish after 


impregnation. The ter- 
minals, neatly disposed on 
the bakelite panel, are 
double-locked to allow for 
any shrinkage in the thick- 
ness of the panel. All 
Clamped by heavy 


bakelite parts are sealed after machining. 
gauge steel pressings to minimize hum. 
INPUT: 0—400—420—440 volts. 


SECONDARY !. OUTPUT: 500— 
450—350—0—350— 
450—500. 100mA. 
, 2. 6.3 volts at 2 amps. 
ma 3. 6.3-volts at | amp. 
” 4. 5 volts at 3 amps. 


AUSTIN WALTERS & SON, <TD. 


AYRES ROAD, MANCHESTER, I6. Tel: TRAfford Park 1827- 
Cw 3237 


Wee pyy 


‘(ae USED THROUGHOUT INDUSTRY 


) 
‘1 AND NON-MAGNETIC 
i | 
| REAT STRENGTH TO WEIGHT RATIO 


| U MUSUALLY HIGH RESISTANCE TO CORRCSIOM 


DD srccacrce IN STRIP, SHEET, BAR, ROD, FORGED, 


CAST & TUBULAR FORM, TO A.1.D. AND A.R.B. SPECIFICATIONS 


- - - the production and manipulation of pipework 
and fittings for high pressure components 
used in hydraulic and pneumatic systems, 
automation and works plant. 











Light machining, 

Light fabrications and Assemblies, 
Prototype and 

development work in all metals 


‘Tehe Un 


“ ALLOY 


THE TUNGUM COMPANY LIMITED 


The White House - Arle - Cheltenham - Glos. 
Telephone: Cheltenham 5855-6-7 
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g | LION LENDS A HAND 


—to most of the large Electronic 
Manufacturers and Government Estab- 


lishments in the country, in sub-contract 


production of electronic equipment and 


in resin encapsulation. 


LION 
ELECTRONIC 
DEVELOPMENTS 
LTD. 


LION WORKS 
Hanworth Trading Estate 
Hampton Rd. 


FELTHAM MIDDX. 
Telephone : FELtham 6661 (5 lines) 





actual size 


Venner’s Type HT 125 silver-zinc accumulator 

meets the need for small. light. rechargeable batteries 
of any desired voltage -capable of adaptation 

to fit restricted spaces It 1s hermetically sealed 


and requires. no topping up 


VENNERACCUMULATORS LIMITED, KINGSTON BY-PASS, NEW MALDEN; SURREY MALQGecn 
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HIGH accuracy 
HIGH performance 


HIGH temperature 
MOULDINGS & EXTRUSIONS 


KETAY SYNGHROS AND lve an sn taney wna te 


high-temperature flexible materials 


SERVO MOTORS For technical details write to: 
Ronald Trist & Go. Ltd. 


(A Company of the Bell’s Asbestos and Engineering Group) REGD. TRADE MARK 
(Dept. R.9.) BATH ROAD, SLOUGH, BUCKS 
Telephone: SLOUGH 25041 Telegrams: Resvalar, Slough 





SEATRIST SILIGONE RUBBER 


Ketay Synchros and Servo Motors — 
many of which are type approved — are 
of special interest when high precision, 
rapid response and wide temperature 
range are demanded; they are used 


extensively in Industrial and nuclear bé 9 
reactor control applications. S fp | N | AT U R 7 
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PLUGS, SOCKETS, 
SUB-MINIATURE AND 


The accumulated experience and develop- 
ment facilities of Ketay are freely available SOCKET STRIPS 
as a technical service to Design Engineers. 


SPEAR ENGINEERING CO. LTD. 
WARLINGHAM - SURREY 
Tel: Upper Warlingham 2774 











Hetay 
MOS AND ARB BRITISH SPRINGS X% WASHERS 


‘Nee WILLIAM FINUCANE 
(Springs and Pressings) LTD. 








Ketay Limited, 

Eddes House, 

Eastern Avenue West, 
Romford - Essex 
Telephone Seven Kings 6050 


A.l.D.  A.R.B. 


ELGAR 3757/8/9 


16A HILLSIDE, STONEBRIDGE PARK 
LONDON, N.W.10 


Overseas Sales Organisation : 
Plessey International Limited « Ilford « Essex 
Telephone : Ilford 3040 











® xs 
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‘To a chap like me— 
and I'm proud of my work— my pencll's 
my living. 
The pencils | use have to stand up to fast 
hard work, their grading’s got to 
be absolutely spot on—not almost 
or nearly but bang on the dot every 
time. 
The leads must hold their points 
and flow smoothly throughout a long line — 
no crumbling or ‘clinkers’* mark you! — 
and if | erase a line It must go cleanly — 
there's no ‘furrow’ left In my paper 
so you won't find ghost lines in prints 
made off my drawings. As a matter of 
fact you can tell from a print when it Is 
my drawing —thtie print's always first class.” 


‘*What pencils do | use?" 


“Venus drawing pencils of course, the ones 
with the crackle finish !— how else 
do you think | keep up my high standard?" 


‘ “/ENUS 


CH DRAWING 
¥ PENCILS 


* VENUS Drawing Pencils are made in 17 accurate 
grades from 9H to 6B. 
THE VENUS PENCIL CO., 


LTD., LOWER CLAPTON ROAD, LONDON E5 
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VACUUM OVENS 
DOUBLE ENDED 


@ Made throughout in polished 
stainless steel. 


@ Single action door openings 


@ Rectangular with shelf spac- 
ings to suit. 


@ Double ended controls. 


@ Electrical interlocking of air 
inlet and isolation valve. 


@ Outer cover hermetically 
sealed. 


@ Temperature Range 
0°—300°C or equivalent F. 


@ Temperature Control: 
Normal +73$°C. 
Special +1°C. 


@ Internal Spacing 7” x8" x 18’ 
(can be altered to special 
requirements). 


@ Vacuum Range to 10-4 mm. 


@ Respective Vacuum Gauges 
incorporated. 
valve 


@ Automatic air inlet 


backing Pump. 


@ Visual Indicators and fuses on 
all switches. 


@ Flanged for fitting into Dry 
Box. 





to Customers’ 
Should you have any problems 
in this field, our Technical Department is always willing 
to help you solve them. 

Vacuum Ovens with temperature of up to 600°C are 
also manufactured by us on similar lines but with 
Sectional Heating and Water-Cooled Ends. 


We design and manufacture Ovens 
special requirements. 


VACWELL ENGINEERING CO. LTD. 


WILLOW LANE, MITCHAM, SURREY 
Tel: MiTcham 8211 


SPECIALISTS IN DESIGN & MANUFACTURE OF VACUUM EQUIPMENT 
i MT OSS ARETE 


ELECTRONIC ENGINEERING 
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ORTIPHONE 





for MINIATURIZATION 


APPROVED TRANSFORMER RANGE 


The extensive range of Fortiphone transformers include 
screened, encapsulated and open types, with or without 
printed circuit terminations and suitable for transistor 
circuits, microphone matching and many other applica- 
tions. Push-pull type suitable for 4.5V, 6V, 9V and I2V 
transistor amplifiers are available. 

A full range of type approved transductor bobbins are 
available and complete assemblies can be produced to 
customers’ specifications. 

Granted advanced quality approval (open type trans- 
formers) advanced limited approval (encapsulated type 
transformers) to R.C.S.214 


For further details see the Fortiphone Transformer Handbook 


OR 


CONSULT 





MINIATURE COMPONENTS AND DEVELOPMENT AND PRODUCTION OF MINIATURE 
ELECTRONIC EQUIPMENT AND ASSEMBLIES 
MOULDED, PRESSED AND MACHINED PARTS AND SUB-ASSEMBLIES 


ORTIPHONE \\MITED 


FINE WIRE WINDINGS SMALL 


92, MIDDLESEX STREET, LONDON, E.! 


TELEPHONE: BISHOPSGATE 087! 








acca <del it 











MOULDED TERMINAL STRIPS 


Moulded in Black Phenolic material, these Terminal Strips are 
available as single units with either screw or solder tag con- 
nections, with provision made for building up into units as 
shown in the illustration. Each strip has a 10-way capacity 
with silver-plated replaceable tags, connection-head screws, and 
captive nuts and with centre designation strip for easy marking. 


Size: Length 44” width (with screws) 1” depth ¥”. 
Enquiries to: 


AUTOPHONE LIMITED 


539/547, Wandsworth Road, London, S.W.8 


MACAULAY 2381/2 
€E 9245 for further details 
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= HAVE YOU 
BA COMPONENT 
PROBLEM ? 


Pressed, Fabricated and Deep 
Drawn Components for the : 
Electronic and* Radio Indus- 
tries are our business; what- * 
ever you need, Chassis, Cases, 
Panels, Fixing Brackets, etc., 
we can make them to your : 
specification. 


MANS 


TD aa Ea a 


LLP MAING Ch Oey 


| 


PETAL IOI ES a 


MANY STANDARD 
TOOLS IN STOCK 


We produce in:- 


STEEL - ALUMINIUM 
BRASS - PHOSPHOR BRONZE 
NICKEL SILVER 


* Self colour, plated, and/or 
stove enamelled. 


Please send us your enquiry. 


STEEL 


COMPONENTS LTD 
74-76 Church Road, Barnes 
London SWI3 Phone RIV 6673/5 . 
DRED SEDER RAIS 


EE 9246 for further details 
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FOR PHOTO-CONDUCTIVE AND PHOTO-VOLTAIC CELLS 


EE 9247 for further details 





The MERVYN 


SPECTROMETER 
AMPLIFIER 


& CHOPPER UNIT 


Especially designed for use with 
the photo-conductive cells now 
becoming available, the Mervyn 
SPECTROMETER AMPLIFIER 
is completely self-contained, needing no 
separate power unit. 

The overall gain available is 120 dB and 
the phase and frequency sensitive princi- 
ple of detection combined with variable 
band width from half to twenty cycles, 
deal adequately with a wide range of 
signal-to-noise ratios. 

The chopper unit and reference signal 
generator are supplied with the equip- 
ment and the output is sufficient to 





| 





Further information from Dept. SA/5 


MERVYN INSTRUMENTS 


ST. JOHN’S WOKING SUBREY. Telephone: Woking 5200 






drive a standard 3,000 ohm, 2 milliamp 
pen recorder. 

In addition to its use with photo- 
conductive cells for which polarizing 
potentials and loads are built in, photo- 
voltaic types can also be employed and 
the circuitry is designed to allow the 
maximum flexibility in operation. Differ- 
ent input arrangements and chopping 
frequencies can be supplied at small 
extra cost. 











STANDING WAVE METERS 


GRADE I—Type No. 14/3 





Type No., 14/3 * Waveguide Aperture, |.372” x 0.622” +0.0006” 
Type No., 14/3 + Waveguide, 1|.372”x 0.622” * Aperture, 
+0.0006” + Flange, UG 344/U + Type, Z 830038 + Frequency 
Range KMc/s, 5.85-8.2 * Constancy of Probe Coupling over 
Carriage Travel, 0.0448 * Carriage Travel,9 cms * Max. Ref. 


Coefficient, 0.001 * Variation of Ag from 
PRICE £355 


Nominal, 0.2% °* Accuracy of Indicated 
Probe Position 0.1%. 
FLANN MICROWAVE INSTRUMENTS LTD. 
Scientific Instruments for Research and Education 
133 Munster Road, Teddington, Middlesex 




















Telephone: Kingston 7217 
EE 9248 for further details 
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* NOW READY 

Unique Relay Calculator 

available gratis on request 

providing full Relay 
Specifications. 

This is our CUSTOMER PROVED 

36 CONTACT RELAY (12/CO) 









Enormous range of 3,000 
P.O. Type Relays 


CONTACTS: 
300 m/A to 8 amp 


COILS: 
Up to 100,0002 


P.O. 600 and High- 
. “Speed Type Relays. — 
| Built to Specification. 
LARGE STOCKS 
OF 
KEYSWITCHES 








Enquiries to Prod 


THE KEYSWITCH COMPANY 
2 lrongate Wharf Road, Praed St., London, W.2. PAD: 2231/2/3 
Contractors to Home and Overseas Governments and H.M. Crown Agents. 


EE 9249 for further details 
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European 


Capacitors 


@ now obtainable 











@ no dollars 
@ no licence required 
Also all types of HIGH-STABILITY RESISTORS. 


MINIATURE ELECTROLYTIC CAPACITORS. 
Complete range of all types of TRANSISTORS. 


SOME SOLE AGENCIES STILL AVAILABLE 


For more details apply to :- 


SUPER ELECTRONICS LTD., 


5, VIOLET HILL, LONDON, N.W.8. 
Maida Vale 0569 





EE 9251 for further details 





SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 


INSTRUMENT WIRES. 


XS COPPER AND RESISTANCE WIRES. 
Trade Mark pm ” 
established 1895 MANGINSAX” — GENUINE MANGANIN 
ENAMEL, SILK, RAYON COVERED. 


P.V.C. POLYTHENE, P.V.C. MICROPHONE 
“INSUGLASS"”. THERMOCOUPLE, etc. 


THE SAXONIA ELECTRICAL WIRE CO. LTD. 


Contractors to the Admiralty War Office Air Ministry 


ROAN WORKS, GREENWICH S.E.10 
Grams: “SAXONIST LONDON” — Phones: GREenwich 3713/4 
“GREENWICH CABLES & FLEXIBLES” 

















EE 9253 for further details 





CLEVELAND ART METAL WORKS 


Telephone EUSton 4169 (S: Tabor) Est. 1907 


Sheet Metal Section 
Cabinets, Panels and Chassis to high standards 


Engineering Section 
Mechanical assemblies 


Prototype and small batch work a speciality 


22, 23 & 23a Mortimer Market, 
Tottenham Court Road, London, W.C.! 














EE 9254 for further details 


RODENE 


STEPPING 
RELAY 


A.C. or D.C. 
with ZERO RESET 





or for continuous rotation 


D. ROBINSON and Co. Write 


717 LONDON ROAD, HOUNSLOW, MIDDx. [ana 
Tel.:: HOUnslow 6266; 6267 & 8338 E.2 





EE 9255 for further details 
3.6 Meg Ohms per, Volt ~ 


This is the maximum sen- 
sitivity of the 

Valve Voltmeter Model 
V.O.8. 

Ranges Cover 0.1 V to 1 
kV D.C. 

0.2 V to 300 V A.C. 
Resistance measurements 
from 0.1 ohms to 1000 
meg ohms. 


Price £17.10.0 complete 


please send for full specification of 
this and other models. 


SWAN ELECTRONICS 


75, Bellenden Road, 
London S.E.15 


Telephone: NEW CROSS 7136 








STEREOPHONIC 
SOUND-~-------------> 


r 
4 
: 
A visit to Webb’s Demonstration Room will | 
convince you that STEREO can enhance 1 
reproduction. Do call and hear good quality i 
plus stereo and we warn you—excellent ' 
monaural will sound uninspiring in 7 
comparison. 1 

t 

s 


Shop meee 9.00 to 5.30 (7.00 p.m. Thursday) and 9.00 to 1.00 Saturday 


WEDD [2a 


14 SOHO STREET, LONDON, W.I. TELEPHONE : GERrard 2089/7308 














“A complete library 
in two volumes...” 
KEMPE’S vrarsoox 
YEAR-BOOK 
Edited under the direction of the Editor of ‘The Engineer’ 


1959 Edition price 82/6 (plus postage 2/6) 
from technical booksellers or direct from the publishers 


Kempe’s Engineers Year-Book, 28 Essex Street, Strand, 
London, W.C.2 Telephone: CENtral 6565 








EE 9252 for further details 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 6d. per word. Minimum charge, 12s. Box number, 


2s. extra, except in the case of advertisements for ‘ 


Specially Spaced Classified—42s. 6d. per single column inch. 


‘Situations Wanted, ’ when it is free. 


Copy, with remittance, for the above advertisements, must be received before the 14th of the month for insertion 


in the following issue. 


Display Classified—Full Page, £64 (based on specially spaced classified rates). 


Half Pages, Quarter Pages and 


Eighth Pages pro rata. Copy dates: With proofs, Sth of preceding month. Without proofs, |Oth of preceding month. 


Blocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., ‘Electronic Engineering,”’ 28, Essex Street, Strand, London, W.C.2. * 








OFFICIAL APPOINTMENTS 





ATOMIC ENERGY AUTHORITY, 
WINFRITH. A professional Engineer is 
required to assist the Reactor Maintenance Engineer 
in the prevention, analysis and rectification of 
electronic instrument failures, and to assume general 
responsibility for training reactor maintenance 
personnel. Applicants should be corporate members 
of a Senior Engineering Institution or have equivalent 


‘ qualifications preferably in the electronic or light 


electrical fields. Possession of a degree in this field 
would be an advantage. The main requirement is 
the ability to establish cause from effects and 
generally diagnose and critically analyse faults as 
they arise. Salary £845 (at age 25)—£1,315 p.a. 
Housing, superannuation scheme, generous leave 
allowance and good working conditions. Send 
postcard for application form and details to: 
Personnel Officer (W.97/42), U.K.A.E.A., A.E.E., 
Winfrith, Dorchester, Dorset. W 3393 





BRADFORD INSTITUTE OF TECHNOLOGY 
Principal: E. G. Edwards, Ph.D., B.Sc., F.R.LC. 
Applications are invited for the post of Technician 
in the Electrical Engineering Laboratories. The 
principal duties of the person appointed will be the 
maintenance and repair of apparatus, setting up of 
laboratory experiments and lecture demonstrations 
and the testing of instruments. A knowledge of 
electronics would be an advantage. Applicants 
should preferably possess a Final Certificate of the 
City and Guilds of London Institute in appropriate 
subjects or an Ordinary National Certificate or other 
suitable qualifications or experience. Salary scale 
£445 x£20 to £625 per annum with efficiency bars 
at £505 and £565. Commencing salary according to 
qualifications and experience. Further particulars 
and forms of application may be obtained from the 
——, Bradford Institute of Technology, Brad- 
ford 7. W. H. Leathem, Clerk to the ate 


BRADFORD INSTITUTE OF TECHNOLOGY 
Principal: E. G. Edwards, Ph.D., B.Sc., F.R.I.C. 
Expansion of the work of the Institute, expecially i in 
courses for the Diploma in Technology has created 
vacancies in the various departments and applica- 
tions are invited for the posts of: Readers, Senior 
Lecturers and Lecturers in Electrical Engineering. 
Successful candidates will be given adequate facilities 
to undertake and direct research, and suitable 
technical assistance and equipment are available. 
Senior members of staff are encouraged to undertake 
consultant work in industry and may retain fees paid 
for such work. The grading of the appointments will 
depend upon qualifications and experience and the 
salary scales for men will be in accordance with the 
Burnham Technical Award as follows: Reader 
£1,627 10s. to £1,890 per annum, Senior Lecturer 
£1,417 10s. to £1, 627 10s. per annum, Lecturer 
£1,260 to £1,417 10s. per annum. In the case of 
very highly "qualified applicants for the post of 
Reader, the Governors may, subject to agreement 
by the Ministry of Education, pay such higher 

above the maximum of the scale as would be 
appropriate. Previous industrial or research 
experience at a suitable level will be taken into account 
in fixing the commencing salary. Further particulars 
and forms of —— may be obtained from the 
Fesistrar. Bradford Institute of Technology, Bradford 
7. .W. H. Leathem, Clerk to the Govenen. one 


ELECTRONICS TECHNICIAN required to con- 
Struct and service amplifiers and control equipment. 
Successful candidate will become member of a team 
Studying the biological effect of fast neutrons. Full 
iculars to Administrative Officer, Radiobiclogical 
Bait. y Seoient Research Council, A.E.R.E., mt 
8 
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ELECTRO-ENCEPHALOGRAPHY RECORD- 
IST required for duty at either Belmont — 
Sutton, or St. Ebba’s Hospital, Epsom. Grade I 

appointment available if previous experience qualifies. 
Whitley Council salary and conditions. London 
weighting payable. _Applications, giving age, 
qualifications and experience, together with the names 
and addrésses of two referees, should reach the 
Group Secretary, St. Ebba’s and Belmont Group 
Hospital Management Committee, Group Office, 


Belmont Hospital, Brighton Road, Sutton, Surrey, , 


within 14 days of the appearance of this advertise- 
ment. W 3411 


MECHANICAL AND ELECTRICAL ENGI- 
NEERS. Pensionable posts for men and women 
normally under 35 on 1.3.59. Applicants must 
normally have Degree in Engineering or Physics 
(or Dip. Tech. for some posts) or have passed 
ions for A.M.L.Mech.E., 
A.M.LE.E., A.F.R.AeSoc., etc. Exceptionally, 
evidence of high professional attainment acceptable 
in lieu. Practical training and experience required 
but untrained graduates acceptable for some posts. 
Men’s starting salary (London) from £830 (lower if 
under 25) to £1,125. Maximum £1,300. Promotion 
prospects. Write Civil Service Commission, 17 North 
Audley Street, London, W.1, for application form, 
quoting S85/59/8. Closing date, 13th May, 1959. 
— applicants may be interviewed before that 
ate. 





METAL PHYSICS AND AUTOMATION. 
These may seem far apart, but there are vacancies 
for graduate staff to work in both these fields of 
research in the Physics Department of the British 
Iron and Steel Research Association in London. 
We should like to hear from you if you are a graduate 
(preferably honours) in Physics, Metallurgy or 
Electrical Engineering and are keen to do research 
in either of these subjects. Relevant research 
experience would be an advantage, but we regard as 
essentials an enthusiasm and ability to generate and 
properly develop new ideas. Starting salary will be 
offered which is commensurate with experience and 
qualifications, and-there are opportunities for quick 
advancement. Written applications only, quoting 
M.P.4, to the Personnel Officer, B.I.S.R.A., 11, Park 
Lane, W.1. W 3413 


MINISTRY OF SUPPLY, Royal Radar Estab- 
lishment, Malvern, offers first-class opportunities to 
Scientists in very wide range of research and develop- 
ment work including Solid State Physics, Radio 
Astronomy, Advanced Computing Techniques, 
Electronics and Radar. Well equipped laboratories 
near attractive residential area at foot of Malvern 
Hills. Official hostel and housing scheme. 5 day 
week. Appointments in grade (a) Senior Scientific 
Officer (min. age 26 and at least 3 years post graduate 
research exp.) or (b) Scientific Officer. Ist or 2nd 
Class Hons. degree or equiv. required for both 
grades. Salary ranges (a) £1,166-£1,380, (b) £615- 
£1,090 (male in provinces; rates for women same 
by 1961). S.U. Superannuation. Opportunities 
if under 31 to compete for pensionable posts. Forms 
and illustrated booklet from M.L.N.S. Technical and 
Scientific Register (K) 26, King Street, London, 
S.W.1 (quote A 132/9A). W 3382 


MINISTRY OF SUPPLY, Royal Aircraft Estab., 
Aberporth, Cardigan, requires Experimental a 
(min. age 28) as (a) Launcher Officers for —< 
missiles and (b) Displays Officer. Quals. H. 
(Science), H.N.C. or equiv. and for (a) engineering 
background with knowledge of electronics or e 
eng. and explosives, (b) experience in design of radar 
displays or electronic computer circuits or of centi- 
metric radar equipment. Salary £954-£1,166 (male). 
wer od a -° i" N.S. Technical and Scientific 
(K King Street, London, S.W.1 
a °D Soa” Closing date i2 May, we ssee 


MINISTRY OF TRANSPORT AND CIVIL 
AVIATION: requires Electrical Engineers (Assis- 
tant Signals Officers) for aviation telecommunications 
and electronic navigational aids. Minimum age 23, 
Ist or 2nd Class degree in Physics or Engineering, or 
A. .E. or A.F.R.Ae.S. (candidates with Parts I, 
Il & Il of A.M.LE.E. or Parts I and II of 
A.F.R.Ae.S. or equivalent, or of very high professional 
attainment without these qualifications considered). 
Salary £665 (age 23) to £1,085 (age 34) maximum 
£1,250. Slightly lower outside London and for 
women. 5 day week. Further details and forms 
from M.L.N.S., Technical and Scientific Sand (K), 
26 King Street, London, S.W.1., quoting D. Shes 


PATENT EXAMINERS AND PATENT 
OFFICERS. Pensionable posts for men or women 
for scientific, technical and legal work on Patent 
applications. Age at least 21 and under 28, with 
extension for regular Forces Service and Overseas 
Civil Service. Qualifications: normally first or 
second class honours degree in physics, chemistry, 
engineering or mathematics, or equivalent attain- 
ment, or professional qualification, e.g. A.M.1.C. 

A.M.1.Mech.E. , A.M.LE.E., A.R.LC. London 
salary (men) £665—£1,460; provision for starting 
pay above minimum. Promotion prospects. Write 
Civil Service Commission, 17 North Audley Street, 
London, W.1. for application form, quoting Arne 


PHYSICIST OR ELECTRONIC ENGINEER. 
Young graduate required by small Medical Research 
Establishment for construction and maintenance of 
electronic devices. Salary in scales up to £1,050 or 
£1,500 p.a., according to qualifications and experi- 
ence. Applications to the ‘Records Officer’, 
Anaesthetic Laboratory, Radcliffe Infirmary, arr 


RESEARCH FELLOWSHIPS (3 years) in 
Government Scientific Establishments. Value 
£1,100-£1,350 (Senior) and £750-£1,000 (Junior). 
Very wide range of topics, especially in the physical 
sciences. A few opportunities for biologists, e.g. in 
virology, taxonomy and physiology as applied to 
fisheries and veterinary research. Qualifications: 
normally first or second class honours degree; 
evidence of high standard of ability in research ; 
and at least 2 years’ post-graduate research experience 
CG ie for Senior Fellowships). No age limits. 

S$.S.U Write Civil Service Commission, 17 
te Audley Street, London, W.1, for application 
form, quoting $4932/59. W 3383 


SENIOR TECHNICIAN REQUIRED for the 
Inorganic Chemistry Laboratory, University of 
Oxford, South Parks Road, Oxford, to loek after 
maintenance of apparatus, mainly electrical, and 
construction and Servicing of electronic equipment. 
Laboratory experience desirable. Salary on Univer- 
sity senior technicians scale (£615-£715 p.a.) with 
Pension Scheme. Apply in the first place in writing 
to Head of the Laboratory, above address. W 1167 


TECHNICAL OFFICERS required by Kenya 
Government Broadcasting Department on contract 
for one tour of 24/45 months in first instance. 
Commencing salary according to qualifications and 
experience in scale (including Inducement Pay) 
£1,056 rising 3 £1,341 a year. Gratuity at rate of 
1 3} cent of total salary drawn during contract. 
Outfit allowance £40. Free passages for officer and 
wife a assistance towards cost of chiidren’s 
passages. Liberal leave on full salary. Candidates, 
between 30 and 45 years of age, must have had 
considerable practical experience in the operation 
and maintenance of High Power medium and short 
wave transmitters and associated equipment or = 
modern Broadcasting Studio apparatus gone te 

and disc recorders and line equipment. They should 
preferably be graduates of a recognised radio or 
electrical institution and/or possess appropriate C. 
and G. Certs. Write to the Crown Agents, 4, 
Millbank, London, S.W.1. State age, name in 
block letters, t qualifications and experience and 
quote M2C/50467/EK. W 3392 
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OFFICIAL APPOINTMENTS (Cont‘d.) 





SENIOR SCIENTIFIC OFFICERS (a): Scienti- 
fic Officers (b). Pensionable posts for men and 
women in all major scientific fields, including physics, 
chemistry, biology, meteorology, mathematics. 
Specially needed are: Physicists for research in 
physical oceanography; determination of atomic 
constants from nuclear magnetic resonance, etc.; 
microwave studies; speech characteristics; computer 
design. Physicist—Mathematician for Civil Defence 
problems. Mathematician for problems in the 
communications field. Geophysicist (frequent over- 
seas surveys). Industrial Physiologist Chemists for 
research in organic and/or biochemistry for piant 
protection; reaction kinetics; radiation chemistry; 
modern analytical techniques (especially spectro- 
graphy and chromatography). Biologists for 
taxonomy of invertebrate animals ; fungus systematics ; 
plant pathology; taxonomic botany (Pteridophyta); 
orchidology; palaeobotany. Engineers for research 
on road construction and traffic flow; wind pressures 
on buildings; application of servo-control to 
machine tools. Taxonomic Botanist to specialise on 
Mosses. Handwriting expert for Forensic Science 
Laboratory. Qualifications: normally first or second 
class honours degree in science, mathematics or 
engineering, or equivalent attainment; additionally, 
for (a), at least 3 years’ relevant (e.g. post-graduate) 
experience. Normal age limits: (a) between 26 and 
31, (b) between 21 and 28, with extension for regular 
Forces Service and Overseas Civil Service. London 
salaries (men): (a) £1,233—£1,460 (b) £655—£1,150; 
provision for starting pay above minimum. Promo- 
tion prospects. Write Civil Service Commission, 
17 North Audley Street, London, W.1. for a TT 
form, quoting (a) S53 89 (b) $52/59. W 3415 


THE UNIVERSITY OF LIVERPOOL. The 
Nuclear Physics Research Laboratory has the 
following vacancies:—An Engineer (Ref. N1) to be 
responsible for the maintenance of the electronic 
control circuits of a large synchro-cyclotron. Part of 
the duties will be to assist in the development of radio 
frequency and control circuits of this machine and of 
associated equipment. A good general knowledge 
of the principles of electronic circuits and recent 
practical experience in pulse circuits, radio frequency 
power amplifiers or control circuits, is essential. 
Applicants must have a professional qualification. 
The salary range is £900 to £1,400. Technicians (Ref. 
N2) to assist in the design and development of nuclear 
physics measuring and recording equipment. This 
includes pulse amplifiers, scalers, multi-track 
magnetic tape data stores and pulse amplitude 
analysers. A knowledge of pulse circuits and recent 
practical experience is necessary. A_ professional 
qualification will be an advantage but is not essential. 
The salary will be according to qualifications. 
Applications should be made in writing to the 
Registrar, The University, Liverpool, 3. W 3412 


WEST AFRICAN BUILDING RESEARCH 
INSTITUTE. The Institute is about to expand 
its activities and seeks applicants for the following 
posts. Successful candidates will be initially 
stationed in Accra, Ghana, but may be required 
later to serve in Zaria, Northern Nigeria: Scientific 
Officer or Senior Scientific Officer, Architectural 
Division (Design and construction of buildings in 
West Africa including studies of building costs and 
operations). Architectural, civil or structural 
engineering qualifications. Principal Scientific 
Officer, and Scientific Officer or Senior Scientific 
Officer, Functional Efficiency Division (Physical 
studies relating to the design of buildings in tropical 
climates). Degree in physics, applied mathematics or 
electronics. Principal Scientific Officer, and Scientific 
Officer or Senior Scientific Officer, Structural 
Division (Soil mechanics and structural engineering 
investigations). Civil, mechanical or structural 
engineering qualifications. Principal Scientific 
Officer, and Scientific Officer or Senior Scientific 
Officer, Materials Division (Investigations into the 
properties and durability of building and civil 
engineering materials). Degree in chemistry, 
chemical engineering or soit science. Appointment 
on contract with salary scale within range £1,090 to 
£2,200 p.a. according to age, qualifications and 
experience. Substantial gratuity on satisfactory 
completion of contract. Free passages. Generous 
home leave. Education allowances. Apply Director 
of Recruitment, Colonial Office, London, S.W.1. 
Give details of age, qualifications and experience. 
Quote BCD 197/487/04/D19. W 3385 


ELECTRONIC ENGINEERING 


UNIVERSITY COLLEGE OF NORTH 
WALES, Bangor. Applications are invited for 
the post of Assistant Lecturer in Electronic Engineer- 
ing. Candidates should have good qualifications in 
light current Electrical Engineering or in Physics. 
The salary scale is £700 x £50—£850 p.a., and in 
addition there are F.S.S.U. benefits and family 
allowances... The appointment will date from 1 
September, 1959. Two copies of the application 
should reach the undersigned, from whom further 
particulars may be obtained, not later than 10th May, 
1959. Kenneth Lawrence, Secretary and Registrar. 

W 3402 





SITUATIONS VACANT 





A PHYSICIST OR ENGINEER is required for 
development work on a wide range of acoustic 
problems including ultrasonic pulse transducers, 
electro-acoustic filters and ultrasonic flaw detection. 
The applicant must have a good academic record and 
a thoroueh background of experience in this or 
allied fields. He must be capable of initiating work 
and carrving it through without close supervision. 
A progressive salary will be paid and pension scheme 
is in operation. Please send details immediately to 
Glass Developments Ltd., Sudbourne ee 


ASSISTANT ENGINEER required for Laboratory 
developing Communications and Industrial R.F. 
Heating Equipment. Age under 30. Graduate or 
Higher National preferred. Apply Personnel 
Assistant, Redifon Limited, Gatwick Road, Crawley, 
Sussex, quoting reference C1L.1 W 3401 


AUSTRALIA. ELECTRO-MEDICAL’ EN- 
GINEER. We are the largest organisation in our 
field in the Southern Hemisphere, and are interested 
in hearing from engineers who are interested in 
emigrating to Australia. It is essential that they have 
experience in the fields of either selling, science and 
installation, or design of X-Ray, Electro-medical 
_ allied equipment. Write in complete confidence 

: The Managing Director, Watson Victor Limited, 
S. i3 Bligh Street, Sydney, Australia. W 1164 


BOOTS PURE DRUG CO. LTD. Two 
Electronic Engineers are required to join a small 
specialist team which will be responsible for the 
maintenance and operation of the wide range of 
electronic equipment in the Company’s Data Pro- 
cessing Centre. The equipment to be installed this 
year will include a general-purpose digital computer 
using advanced transistor-core techniques and an 
electronic character recognition machine working in 
conjunction with a special-purpose serial valve com- 
puter. These positions will offer an excellent oppor- 
tunity to obtain a wide knowledge of data handling 
techniques and applications and to assist with any 
future engineering developments in this field. We are 
interested in engineers with Degrees or H.N.C. 
standard who have some years of experience in this or 
in some allied field, and who are prepared to accept 
responsibility. Training as necessary will be given, 
including periods at the manufacturers’ premises 
near London and in the Home Counties. Good 
salaries will be offered with contributory pension 
scheme, and conditions of service within the Company 
are excellent. Applications, giving details of experi- 
ence, qualifications and age, should be addressed to 
the Personnel Manager, Boots Pure Drug Co. Ltd., 

Station Street, Nottingham. W 3409 


COMMUNICATIONS ENGINEER required 
for Middle East service with large Oil Company. 
Not less than 6 years’ experience Radio Transmission 
equipment; practical experience maintenance multi- 
channel carrier equipment and V.H.F. Radio equip- 
ment; knowledge V.F. Telegraph and Automatic 
Telephone Exchange installations (non-director) 
useful. Grad.I.E.E. or H.N.C. qualified. Age limit, 
35; bachelor preferred. Total minimum emoluments 
£1,750p.a. Annual home leave with passages. Write, 
quoting No. 564, to Box No. 2458 c/o Charles Barker 
& Sons Ltd., Gateway House, London, E.C.4. 

W 3405 





ELECTRONIC ENGINEER required for in- 
teresting work in connection with the design and 
development of automatic telephone, loudspeaking 
and remote control equipment. Good salary paid 
to qualified man. Please write stating qualifications, 
experience and salary desired to: Autophone Ltd., 
539, Wandsworth Road, S.W.8. W 1175 
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DEVELOPMENT ENGINEERS — ELEC. 
TRONICS. = Hilger & Watts Ltd., 98 St. Pancras 
Way, London, N.W.1, invite applications from 
Electronic Engineers with post-graduate or industrial 
experience to assist in development work on a wide 
variety of electronic measuring and control circuits, 
The work is interesting and offers an opportunity of 
a worthwhile career in a progressive and expanding 
company. Applications giving all relevant informa- 
tion should be addressed to the Company’s Chief 
Personnel Manager. W 3397 





DEVELOPMENT ENGINEERS for interesting 
work connected with the design and manufacture of 
synchros and small motors. Vacancies require: 
(a) Degree in Electrical Engineering or Physics. 
(b) H.N.C. or O.N.C. with good electrieal engineering 
background. Salaries commensurate with qualifica- 
tions and experience. Superannuation Scheme. 
Excellent recreational, social and canteen facilities. 
Please write giving full particulars to the Personnel 
Manager, Muirhead & Co. Limited, Beckenham, 
Kent. W 3388 





ELECTRONICS RESEARCH LABORATORY 
STAFF. Senior qualified Electronics Engineers of 
Degree or Higher National Certificate standard are 
required for interesting work in connection with a 
number of projects in the field of electronics, 
including the application of transistors to television 
and similar equipment. Applicants must have 
suitable academic qualifications and experience in 
laboratory procedure. They will normally be 
expected to be able to handle a project from its 
inception to its final conclusion. Box W 340. 





ELECTRONICS— SENIOR DESIGN’ EN- 
GINEER. A senior engineer of graduate status 
with several years’ experience of computers, tran- 
sistors and logical circuitry is required in an expanding 
firm with varied interests. A four-figure salary is 
envisaged. Applications with full details of educa- 
tion and career to date to Manager, Electronics 
Division, Microcell Ltd., Blackwater Station Estate, 
Camberley, Surrey. W 3391 


ENGINEERS with some five years practical 
experience of radio frequency design work required 
for interesting new project in Laboratory situated in 
South West outskirts of London. Pension Scheme. 
Write giving full particulars of experience and salary 
required to Box W 1162. 


ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies for 
circuit designers and equip s to work 
on nucleonic instruments, and interesting new 
developments in electronic computing and switch- 
ing; both senior and junior posts are available. 
Applicants should have a degree or equivalent plus 
several years’ experience of appropriate work for the 
senior posts; correspondingly reduced qualifications 
and experience will be accepted for junior posts. 
Salaries will be in accordance with age, qualifications 
and experience. Applications, giving details of age, 
academic or other training and qualifications, 
experience and starting salary required, should 

sent to the Personnel Officer, Ericsson Telephones 
Ltd., Beeston, Nottingham. W 197 





HILGER & WATTS LTD. Electronic Tech- 
nicians of H.N.C. Standard and with experience in 
the fields either of servo-mechanisms, microwave 
techniques, machine control, process control, or data 
reduction, and who would be interested in working 
for an expanding company with an established 
reputation are invited to apply giving all relevant 
information to: The Chief Personnel Manager, 
98 St. Pancras Way, N.W.1. W 3395 








CLASSIFIED ADVERTISEMENTS 
continued on page 194 








MAY 1959 











ae at Saas 





— ELEC. 
St. Pancras 
tions from 
r industrial 
on a wide 
rol circuits, 
ortunity of 
expanding 
it informa- 
iny’s Chief 

W 3397 


interesting 
ufacture of 
‘S require: 
or Physics. 
-ngineering 
1 qualifica- 
1 Scheme. 
1 facilities. 
Personnel 
eckenham, 

W 3388 





RATORY 
gineers of 
indard are 
on with a 
lectronics, 
television 
aust have 
erience in 
‘mally be 
| from its 
40. 


N EN- 
ate status 
ers, tran- 
expanding 
salary is 
of educa- 
slectronics 
on Estate, 

W 3391 


practical 
¢ required 
ituated in 
1 Scheme. 
und salary 


e in their 
uncies for 
; to work 
ting new 
d switch- 
available. 
alent plus 
rk for the 
lifications 
ior posts. 
lifications 
ils of age, 
ifications, 
should be 
elephones 

W 197 


ic Tech- 
srience in 
Llicrowave 
1, or data 
working 
‘tablished 
relevant 
Manager, 
W 3395 





NTS 





1959 





EE 9257 for further details 





WASHERS 


Beryllium Copper ‘* Wavey’’ Washers. For 
Electronic Components. Range IOBA to 5/8” 
B.S.F. Corrosion-resisting, non-damaging to 
components, higher resistance of ‘‘set’’, 
higher recovery of load, permanent spring 
action. They are fabricated from Beryllium 
Copper, heat treated to VPN. 350 minimum, 
Electro Plated to DTD. 924, Cadmium Plated 
to DTD. 904 and Passivated to DTD. 923. 
Also supplied Silver Plated, or Self Colour or 
to customers specification. Samples and price 
lists on request. 








LEAVE /T TQ 


OF REDDITCH 


& 
t¢ > SPRINGS, SPRING CLIPS 
PRESSWORK, WIRE FORMS 


a : 4 # ® 
THE LEWIS SPRING CO. LTD. Resilient Works, Redditch. VOLUTE SPRINGS 
Tel : Redditch 720 PBX London Office: 122 High Holborn, W.C.1. Tel.: Holborn 7470&7479 =~ 

















- 


British Oxygen fit their 
Argonarc welding torches with 
SINTOX Ceramic Shields, 
having proved that SINTOX 
successfully withstands the 
thermal stresses imposed by the 
process. SINTOX 

is in the forefront of 

industrial development. 





RIGHT Air-cooled Torch. For currents 
up to 100 amps. 


LEFT Water-cooled Torch. Maximum 
current capacity 350 amps. 


.. the unfailing answer is 


Sintox Technical Advisory Service 


This service is freely available without obligation to those requiring 
technical advice on the application of Sintox Industrial Ceramics. Please 
write for booklet or any information required enclosing blue print if 
available. 





INDUSTRIAL CERAMIC 


SINTOX IS MANUFACTURED BY LODGE PLUGS LTD., RUGBY } @ 
EE 9258 for further details 
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SITUATIONS VACANT (Cont'd.) 





G.E.C. APPLIED ELECTRONICS LABORA- 
TORIES, Stanmore, Middlesex, have vacancies for 
Senior Electronic Engineers. Engineers with several 
years’ experience of electronic equipment design to 
Ministry of Supply requirements are required to take 
positions of responsibility. They will each be 
concerned with the development and engineering of 
an equipment for production. The work covers 
many different types of equipment, including com- 
munications, radar, computer and guidance systems; 
in ground, airborne and missile environments. 
Applicants should possess suitable academic or 
professional qualifications and have had seven to 
ten years’ experience of this kind of work. Comple- 
tion of a recognised post-graduate apprenticeship 
will be an additional advantage. Subject to broad 
technical and administrative direction, they must be 
able to take full responsibility for the satisfactory 
engineering development of the equipment with 
which they are concerned, including the direction of 
a team of engineers, negotiation and consultation 
with the various Ministry of Supply Authorities, and 
the necessary liaison with the production factory. 
Starting salaries will be in the range £1,200-£1,500 
p.a. and the successful applicants should be capable 
of promotion to a higher staff grade within a 
reasonable period. In addition there are a few 
vacancies for less experienced engineers who might 
be expected to be suitable for such appointments 
within a few years. Apply in writing with full 
particulars to the Staff Manager, quoting Kef. 
EE/PFW. W 1170 





HILGER AND WATTS LIMITED, Scientific 
Instrument Manufacturers, are extending . their 
Electronics Department and are looking for men 
experienced in drawing electronic wiring diagrams 
incorporating printed circuit design and chassis 
lay-outs. The schemes involve fairly large console 
work, and the work will interest young men anxious 
to join a team developing digital automation tech- 
niques. Apply, Personnel Officer, 123 Camberwell 
Road, Camberwell, S.E.5. W 3400 


LEADING AMERICAN ELECTRONICS 
COMPANY in field of data-handling servo 
mechanisms and computers, desires Sales Engineer. 
Degree in Electrical Engineering plus previous 
engineering and sales experience, very desirable. 
Salary open. Work out of London office. Reply, 
with complete details of past experience, salary and 
photo. Box W 3410. 


RADIO AND TELEVISION. A Senior Engineer 
is required by a large manufacturing company to 
carry out liaison duties between its development 
engineering department in a West London district 
and its factory on the south coast. The successful 
applicant will be required to spend the first three 
months in the (London) laboratories, and then be 
resident on the south coast. A sound technical 
knowledge and experience of television is required, 
and some knowledge of production methods desir- 
able. Initiative and organising ability, and the ability 
to solve technical problems as they arise in the 
factory, are essential qualifications. The Company 
operates a good Pension/Life Assurance Scheme. 
Please write (in strict confidence), giving full par- 
ticulars of experience, qualifications, present salary 
level, to Box W 3307 





RADIO INSTALLATIONS. MARCONI’S 
Tequire experienced Radio Engineers for the installa- 
tion of major telecommunications and broadcasting 
projects in widespread locations overseas. Single 
men (or those willing to travel without their families 
in the first instance) would be preferred. Academic 
qualifications to H.N.C. standard desirable, experi- 
ence of communications or broadcasting (studio or 
transmission) equipment essential. Appointments 
offered are permanent and pensionable and carry 
attractive conditions of service. Please reply, giving 
full details of age, qualifications and experience, and 
quoting reference EE2000C to Mr. J. L. Scott, 
Marconi’s Wireless Telegraph Company Limited, 
Dept. C.P.S., Marconi House, 336/7, Strand, London, 
W.C.2. W 3384 





ELECTRONIC ENGINEERING 


RESEARCH DEPARTMENT OF BROOK- 
HIRST IGRANIC LIMITED. Applications are 
invited from Research Engineers or Physicists for 
posts in the Research Department, based at Chester. 
The work of the Department involves investigations 
in new industrial control techniques and systems. 
The vacancies are particularly attractive to young 
men with initiative and ability. Previous experience 
with transistors or magnetic amplifier circuits would 
be useful but is not essential. The Company have a 
contributory pension scheme, and in certain circum- 
stances it is possible to accept a transfer of contri- 
butions from other schemes. Assistance towards 
the cost or removal to Chester would be given. 
Applications should be made on an appropriate 
form which can be obtained from the Personnel 
Officer, Brookhirst Igranic Limited, Chester. A 
Member of the Metal Industries Group of Com- 
panies. W 3390 





SALES REPRESENTATIVE (TECHNICAL) 
required by Nash and Thompson Ltd., to handle 
sales in Home ‘Counties of their Nashton 
range of electronic measuring instruments and 
allied electronic lines. Car provided, pension fund- 
Apply giving details of selling and technical experi- 
ence, salary required, to General Manager, Nash & 
Thompson Ltd., Oakcroft Road, Chessington, 
Surrey. W 3386 





SENIOR AND INTERMEDIATE Electronic 
Engineers required by progressive company for 
interesting work on the design and development of 
flight simulators and analogue computers. Several 
vacancies exist for Engineers capable of working on 
own initiative in the design of electronic systems for 
simulators. One Senior Circuit Design Engineer 
required to lead a small team and be responsible for 
the design of amplifiers and other electronic units used 
in the above systems. Write with full details of past 
experience to Chief Engineer, Miles Electronics Ltd., 
Shoreham Airport, Sussex. W 1171 





TEST ENGINEERS required for _ interesting 
work in connection with Radar, Computers, Machine 
Tool Control Units, Camera Channels, Microwave 
Links and similar electronic equipment. Applicants 
must have a sound theoretical knowledge of Elec- 
tronics backed by practical experience in H.M. Forces 
or industry. Staff positions and Superannuation 
Scheme. Single accommodation available. Saturday 
morning interviews by appointment. Apply, giving 
full details, to Personnel Department (CE21), E.M.I. 
Ltd., Hayes, Middx. W 3408 





THE RANK ORGANISATION (requires the 
services of an Electronic Engineer for work on relay 
systems in laboratories at Kew. About 20-25 years 
old, with some technical training and experience. 
Good starting salary. Pension scheme, etc. Write 
with full note of education, training and experience, 
to the Personnel Adviser, (B117) The Rank Ogani:a- 
tion, 11, Belgrave Road, ‘London, S.W.1. W 3387 


VACANCIES FOR YOUNG MEN who have 
served a recognised electrical engineering apprentice- 
ship and with experience in electronics, required for 
commissioning and servicing Industrial Electronic 
Equipment. Technical Qualifications, preferably 
Higher National Certificate standard. Men with 
Services Radar experience also considered. Re- 
muneration according to experience and qualifica- 
tions. Apply: Construction Department, The 
British Thomson-Houston Co. Ltd., Rugby. W 3396 


W. BRYAN SAVAGE LIMITED invite applica- 
tions for the following appointments: Technician 
Tester, preferably with H.N.C., with some experience 
of Vibration and/or Environmental Test Techniques, 
and should have served a recognised apprenticeship. 
Technician Draughtsman, preferably with H.N.C. 
with at least three years’ drawing office experience 
and should have served a recognised apprenticeship. 
Knowledge of Vibration Test Techniques would be 
an advantage. Apply by letter in the first instance 
to W. Bryan Savage Limited, No. 2 Factory, oa 
Gardens, Stanmore, Middlesex. W 3389 





WANTED 





WANTED Copy of Electronic Engineering, May, 
1957. Good price offered. Technical Librarian, 
Rolls-Royce Ltd., Crewe. W 1174 





CAPACITY AVAILABLE 





TRANSFORMER and coil windings, capacity 
available. Windings carried out to customers’ 
specification. Large or small orders undertaken, 
Enquiries to: W.L.R.S., 30 Fauconberg Road. 
Caneak, W.4. Chi. 0384. W 1159 





FOR SALE 





CABLE and Flexibles for electronic purposes, 
including multicords up to 81 conductor — Screened 
Cables — Telephone Cables — Aircraft Cables — 
Radio and TV Cables — Instrument Wires, etc. 
Vast variety. Large quanties ex-stock. Send for 
priced stock list to Batt Electrical Company, 6 Dock 
Street, London, E.1. (Royal 5905). W 1173 


FOR SALE. POTTERY KILN. Large size, 
fitted factory, North London. £450. Box W 1169. 


GUARANTEED MAGSLIPS at low prices, 3in. 
Resolver No. 5 (AP 10861), 50v. 50c/s. Unused, 
each in tin, 35s. post 2s. Id. Large stocks of these 
and other types.—P. B. ae. 94 Pixmore Way, 

tchworth, Herts. Tel.: 1851. Ww 3a 


MAGSLIPS, SELSYNS and many other items 
connected with automatic and remote control 
mechanisms are marketed by Servo & Electronic 
Sales Ltd. Brochure available on request. See 
our display advertisement on p. 164 W 202 





EDUCATIONAL 





CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent suc- 
cesses. For details of modern courses in all branches 
of Electrical Engineering, Applied Electronics, 
Automation, etc., send for our 148-page handbook— 
FREE and post free. B.I.E.T. (Dept. 337c), 29 
Wright’s Lane, London, W.8. W 316 


LEARN RADIO AND ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting with and building radio apparatus—‘“‘as you 
learn”. Free Brochure from: Dept. EE 10. 
Radiostructor, 46, Market Place, a 


T.V. AND RADIO—A.M.Brit.L.R.E., City & 
Guilds, R.T.E.B. Certificate, etc., on “‘“NO PASS— 
NO FEE” terms. Over 95 per cent successes. For 
details of Examination and Home Training Courses 
(including practical apparatus) in all branches of 
Radio, T.V. and Electronics, write for 148-page 
handbook—Free. B.I.E.T. (Dept. 337H), 29 beg 
Lane, London, W.8. W 187 


UNIVERSITY OF EDINBURGH. Principal: 
Sir Edward Appleton, G.B.E K.C.B., D.Sc., 
F.R.S. Diploma in Electronics and Radio. The 
next postgraduate diploma course commences on 
13th October, 1959. It is intended for honours 
graduates in Engineering, Physics or Mathematics 
who wish to specialize before entering the electronics 
industry or research organisations, and for graduates 
in industry who wish to return for a period of 
advanced study at the University. Lectures are given 
on basic theory, networks, valve and transistor 
circuits, servomechanisms, electromagnetics and 
physical electronics, at an advanced level. Individual 
proiects are an important feature of the course. 
A limited number of special grants will be available; 
candidates wishing to be considered for these should 
have registered by Ist July. Further particulars and 
application forms may be obtained from the Secre- 
tary to the University, University of Edinburgh, 
Old College, South Bridge, Edinburgh, 8. Charles 
H. Stewart, Secretary to the University. —_ Ben 





SERVICE 





METALWORK. All types cabinets, chassis, racks 
etc., to your own specifications. Philpott’s Metal- 
works Ltd., Chapman Street, Loughborough. a 
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SITUATIONS VACANT (Cont’d.) 





UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
INDUSTRIAL GROUP 


INSTRUMENT MECHANICS 


Windscale and Calder Works, the Experimental Reactor 
Establishment at Dounreay and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television, and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training in 
our Instrument School will be given to successful applicants. 


Married men living beyond daily travelling distance will 
be eligible for housing after a short period of waiting. 
Lodging allowance is payable during this period. Working 
conditions and promotions prospects are good. 


Applications to: 
Works Labour Manager, 
Windscale and Calder Works, 
Sellafield, 
Seascale, a 


Deputy Works tetene Manager, 
Dounreay Experimental Reactor Establishment, 
Thurso, Caithness, Scotland. 
or 
Labour Manager, 
Chapelcross Works, Annan, 
Dumfresshire, Scotland. 











FERRANTI LTD. 
MANCHESTER 


has vacancies in the 


COMPUTER DEPARTMENT 


for 
SUPERVISING ENGINEERS 


for post-installation service to Ferranti Computers 
in this country and abroad. Applicants should have 
technical knowledge up to H.N.C. standard or equiva- 
lent. Favourable consideration will be given to 
applicants who have a good background of training 
and experience on Service electronic and radar equip- 
ment. Successful applicants will have the opportunity, 
if they so desire, to be considered for periods of service 
in this capacity on Ferranti Computers installed in 
many countries abroad. 


The above appointments will carry salaries fully 
commensurate with qualifications and experience. 
The Company operates a Staff Pension Scheme and an 
Instalment Assurance Scheme. 


Application is by form obtainable from; 
T. J. Lunt, Staff Manager, 
Ferranti Ltd., Hollinwood, Lancs. 


Please quote ref; KLS. 








CENTRAL ELECTRICITY 
GENERATING BOARD 


ELECTRONICS AND 
INSTRUMENTS SECTION 


RESEARCH LABORATORIES, LEATHERHEAD, SURREY 


Applications are invited for the following appointments: 


ELECTRICAL ENGINEERS Vacancy No. EE/92. 


in a new special control studies group to be formed for work mainly 
concerned with an investigation into the possible application of com- 
puters, automatic controls and automatic data-processing techniques 
in the day-to-day operation of the national power system. 

A Group Leader and two Assistant Engineers are required, and 
candidates should have an honours degree or an equivalent qualification. 
Some knowledge of electronics would be an advantage but the successful 
candidates will not be directly responsible for the development of 
electronic equipment. 


NUCLEONIC INSTRUMENTATION 
AND REACTOR CONTROL 


ELECTRONIC ENGINEERS Vacancy No. EE/93- 


to form a group that will be employed on the laboratory test and assess- 
ment of the performance and reliability of nucleonic and other reactor 
control instruments which will be used in the nuclear generating 
stations. 

A Group Leader and two pore Engineers are required and 
candidates should have a degree or equivalent qualification. Experience 
in the design and testing of nucleonic instruments, servo or control 
systems is essential. 


Salaries for the above appointments; according to duties and respons- 
ibilities. 
Group Leaders—On a scale within the range £1,530—£1,980 p.a 
Assistant Engineers—On a scale within the range £1,195—£1,775 p.a. 


ELECTRONIC ENGINEERS Vacancy No. EE/94. 
(a) Electronic Circuit Design 


The work involves basic circuit design of a wide variety of electronic 
equipment ranging from small units to special purpose computing 
apparatus. A good knowledge of modern circuit techniques, valves, 
transistors, servo systems and relays, etc. is required. Ability to handle 
circuit design in any one or more of these and allied fields up to a 
working model stage is essential. 


(b) Electronic Equipment Development 


_The work comprises development and ey of experimental 

and r y for g the design as well as the 

construction of individual electronic units both within the Laboratories 

and in some cases by contractors. Familiarity with Interservices 

Standards and specifications, and a wide knowledge of constructional 

and circuit techniques as well as components, materials and finishes, 
is essential. 


(c) Acoustic Noise and Vibration 


The work involves both fundamental and applied research into 
problems of acoustic noise and vibration arising from the operation of 
plant in power stations and transformer stations throughout the industry. 
A knowledge of audio frequency electronic techniques is desirable and 
candidates must be willing to carry out field measurement work. 
Ability - apply fundamental knowledge to a wide range of problems is 
essential. 


(d) Radio Interference 


The work involves both fundamental and applied research into 
problems of radio interference and radio frequency propagation arising 
from the operation of high voltage plant. A knowledge of radio frequency 
measuring techniques is essential and the candidates must be willing 
to carry out field measurement work. 





(e) Protective Gear and Synchronous Machine 
Studies 


The work is concerned with the testing and design of a wide variety 
of protective relays and similar devices, and involves opportunities for 
laboratory studies as well as specialised tests in the Board's generating 
and transmission stations. 


(f) Transportable Data Recording Unit 


A mobile multi-channel data recording unit is being provided 
for a wide variety of work including the testing of high power high 
voltage switchgear (up to 275 kV), fault throwing tests and other 
investigations into the performance of power systems and synchronous 
machines. The staff operating this unit will be based at Leatherhead 
and will undertake test programmes at generating and transforming 
stations for periods. Initially the staff will be employed in planning the 
vehicle installation required. A knowledge of data recording instru- 
mentation or oscillographic recording techniques is essential. 


Salaries on a scale within the range £570—£1,300 p.a., according 
to duties and responsibilities. 


Application Forms obtainable from the Personnel Officer, 24-30, 
Holborn, London, E.C.1. should be completed and returned as soon as 
possible. Please mark envelopes ‘‘Confidential’’ and quote the relevant 
vacancy number. 
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SITUATIONS VACANT (Cont'd.) 





DECCA RADAR LIMITED 


Development Laboratory 


Further vacancies have arisen for: 


Senior Project Engineers 
Senior Design Engineers 
Project Engineers 


a wn 


Design Engineers 


Candidates for the senior appointments must be graduate 
electronic engineers who will be prepared to assume respons- 
ibility under the Chief Development Engineer. Projects 
under development include True Motion marine radar, 
high-powered radars and coherent systems. 


The Project Engineers and Design Engineers should be of 
ONC standard and should preferably have had a broad 
practical and theoretical experience of modern electronic 
design such as valve and transistor circuitry, hard and soft 
valve modulators, display and servo systems. 


Applications should be addressed to: 


The Personnel Officer, 


9 Davis Road 
CHESSINGTON, SURREY 














ARE YOU WORKING 
IN OUR DIRECTION...? 


If you are a young qualified engineer (mid-twenties) 
or have several years’ experience on miniature electro- 
mechanical devices and you are looking for space to 
grow—then we can offer you the opportunity you 
need. In an expanding division of our Research 
Laboratories, which is to be housed in a modern 
building now nearing completion, there is a place 
earmarked for you. An attractive salary with excellent 
prospects clearly make this the opportunity you have 
been waiting for. 





Other considerations include: 
Every facility for sports and social activities. 
A first-class new canteen. 
Generous Pension Scheme (contributory). 


Write now quoting EM/E1 giving details of background 
and experience to: 
| THE PERSONNEL MANAGER 








ERICSSON TELEPHONES LTD. 


BEESTON - NOTTINGHAM - ENGLAND 
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E.M.I. 
PLANNING ENGINEERS AND AN ESTIMATOR 


There are vacancies in the Valve Division of the Company 
for Planning Engineers and an Estimator experienced 
in machinery and assembly of batch production lines, 
preferably but not essentially in the field of special valves. 
These new appointments will be within the Power 
Klystron Department now being organised at the Hayes 
laboratories. All applications will be dealt with in 
strict confidence. Please apply in full, quoting Ref. 
ELV.I, to: 


Personnel Manager 
ELECTRIC & MUSICAL INDUSTRIES LTD., 
HAYES, MIDDLESEX 








COTTAGE LABORATORIES LIMITED 


require 


Electronic and 
Electro-Mechanical Engineers 
with 
good qualifications, and experience, capable of playing 


a senior part in the design and development of electronic 
equipments and associated control gear. 


If you would like an interesting, permanent and progressive 
job in a small and lively company, backed by the resources 
of a large international group, then write or telephone: 


COTTAGE LABORATORIES LIMITED 
PORTSMOUTH ROAD; COBHAM, SURREY. 
(Cobham 3191) 








SENIOR AND JUNIOR 
ENGINEERS 


Vacancies exist in the Technical Department for Engineers 

capable of undertaking research, development, or project 

control in the fields of electrical energy metering, instru- 

mentation, electronics, or light mechanism applications. 

There is a considerable scope for initiative in all fields, and 

generous salaries will be paid to applicants of experience, 
enterprise and imagination. 


Apply to: 
The Technical Manager, 
ARON ELECTRICITY METER, LTD., 


72-82 Salusbury Road, 
London, N.W.6. 

















DIGITAL COMPUTERS FOR NAVIGATION SYSTEMS 


vacancies exist for 


ELECTRONICS ENGINEERS 


in a team engaged upon the development of digital computer circuits. 
Those appointed to these vacancies will be expected to show initiative 
and ingenuity in their approach and be capable of pursuing a line of 
research with the minimum of supervision. Qualifications required are 
O.N.C. or equivalent for Junior Engineers and H.N.C. or equivalent for 
Engineers. Some experience of transistor or computer switching circuits 
is desirable. Applications should be made to: 


A. V. ROE & CO. LIMITED, Hanworth Lane, Chertsey, Surrey 
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BRITISH TELECOMMUNICATIONS 
RESEARCH LTD. 


DRAUGHTSMEN REQUIRED 


for interesting and permanent work in telecommunications. 


Several years Drawing Office experience in the electronics 
industry is essential; applicants should possess or be 
working for O.N.C.; commencing salary according to age 
and experience. Career and salary prospects are excellent. 
Promotions to higher grades are made from within the 
Company and depend primarily upon ability. Staff 
amenities are unsurpassed. Housing assistance will be 
offered to successful applicants. Applications will be treated 
in strict confidence. Travelling expenses to interview 
refunded. Interviews outside normal working hours can 
be arranged if required. Full summer holiday entitlement 
will be offered to successful applicant joining the Company 
early in the year. 


APPRENTICE DRAUGHTSMEN 


A small number of places are available each year and 
applications are invited from young men and women 
interested in making draughtsmanship a career. 


Application Forms from the General Manager. 


British Telecommunications Research Ltd. 


Taplow Court, 
Taplow, Nr. Maidenhead, Berks. 








Advance 


requires 


ELECTRONIC 
PROJECT ENGINEERS 


Capable of developing electronic test and measuring 
instruments from conception to design for quantity 
production. Such engineers should have a degree or 
equivalent and good experience in this field. 


CONSTANT VOLTAGE 
TRANSFORMER ENGINEER 


An Engineer with experience in the design of trans- 
formers and iron cored components to work on our 
range of saturated constant voltage transformers. 


These appointments for men of ability will be in the 
design department of our modern factory at Hainault. 


Apply to: 
The Technical Director 


ADVANCE COMPONENTS LTD. 
ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX 
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High on the Chilterns between High Wycombe and 
Marlow-on-Thames stand the electronic research 
laboratories and works of Airmec Ltd. 


Airmec is looking ahead. Airmec is looking around, 
too. You may be one of the young men we are 
hoping to meet and to help. Do you feel thwarted? 
Do you feel that your present position does not 
make the best use of your brains, ambitions, ideas 
and enthusiasm? 


We have wide resources here—able men, advanced 
techniques, modern plant. They are all at your 
disposal. Come with us and you have the best of 
both worlds—the opportunity to develop your ideas 
on your own lines and the backing of an organiza- 
tion geared to breast the slopes of any high 
endeavour. 


Why not write a personal letter to Dr. J. C. 
Simmonds, our Managing Director, explaining 
your plans and hopes for the future? 


Wrote 


Invests in People 





HIGH WYCOMBE BUCKS 


TELEPHONE: HIGH WYCOMBE 2060 
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ATOMIC ENERGY 
AUTHORITY 


WINFRITH 












A professional Engineer is required to assist the 
Reactor Maintenance Engineer in the prevention, 
analysis and rectification of electronic instrument 
failures, and to assume general responsibility for 



















training reactor maintenance personnel. 

Applicants should’ be corporate members of a 
Senior Engineering Institution or have equivalent 
qualifications, preferably in the electronic or light 
electrical fields. Possession of a Degree in this field 
would be an advantage. The main requirement is the 
ability to establish cause from effects and generally 
diagnose and critically analyse faults as they arise. 

Salary, £845 (at age 25)—£1,315 p.a. 


Housing, superannuation scheme, generous leave 
allowance and good working conditions. 


Send POSTCARD for application form and details 
to Personnel Branch (W97/42), 


U.K.A.E.A., A.E.E. 
Winfrith i Dorchester * Dorset 
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A. V. ROE & COMPANY LIMITED 
CHERTSEY RESEARCH AND DEVELOPMENT GROUP 
CHERTSEY, SURREY 


Applications are invited to fill the post of 


HEAD of ELECTRONIC and SERVO GROUP 


which will shortly become vacant due to the transfer of the present Head. 


Candidates should be qualified men who have had wide general electronic 
research experience with particular knowledge of Electronic and Electro- 
Mechanical Servo Systems. This Group, in addition to its own research 
work, provides an electronic service for the whole of the Research Depart- 
ment at Chertsey and hence the successful applicant will be expected to 
have a good general knowledge of available electronic instruments and 
electronic components. 


Apply to 
A. V. ROE & CO. LTD., Hanworth Lane, Chertsey, Surrey. 














SEMI-CONDUCTOR RESEARCH 


An expanding research establishment situated in pleasant 
surroundings in South Northants invites applications for 
the following :- 


I. SENIOR PHYSICIST or ENGINEER with research 
experience in the design of semi-conductor devices 
(e.g. transistors) to initiate a research programme on a 
new class of device. 


2. TECHNICIANS for work in this and related fields. 


Starting salary according to qualifications and experience. 


Please send full details to Box No. W3403 and quote as 
reference SEMICONDUCTOR’8. 




































DESIGN ENGINEERS 


qualified to final City and Guilds 
or equivalent standard and with 
some experience in the design of 
electronic equipment are re- 
quired to work as part of a team 
developing new test equipment 
including fully automatic pro- 
grammed machines to test com- 
plex radar circuits, digital 
counters and gating circuits, and 
a new type of precision on auto- 
matic instruments with digital 
readouts. Ref. D.E./23. 


TEST ENGINEERS 


who will be mainly concerned 
with the testing of recently 
developed radar systems. Some 
relevent experience is essential. 
These posts may be of interest 
to Senior N.C.O’s. with the 
appropriate technical back- 
ground. Ref. E.T.G./23. 


FIELD TRIALS ENGINEERS 


to join teams engaged in the 
field trials of experimental air- 
bourne radar and fire control 
systems and ground radar in- 
stallations. These posts offer 
the opportunity of working on 
advance systems in the elec- 





FERRANTI LIMITED 
EDINBURGH 





Applications are invited for the following staff posts:— 


tronic and radar field. Ref. 
T.1.0./23. 


TEST ENGINEER 

to design and maintain test 
equipment for pulsed magne- 
trons and to supervise testing 
of magnetrons on a production 
basis. Experience in electronic 
test-equipment of this nature is 
essential. Ref. T.E. (V)/23. 


PRODUCTION ENGINEER 
to control asmall group engaged 
on the manufacture of high 
power microwave tubes. Appli- 
cants must have had experience 
in the processes used in manu- 
facturing transmitting valves 
including furnace brazing, glass 
to metal seals and vacuum 
techniques. Ref. Prod. E.(V)/23. 


All the above posts are of staff 
status and the salary and condi- 
tions offered will be appropriate 
to the responsibilities in each 
case. Initial interviews will be 
arranged in either London or 
Edinburgh. Applicants should 
send details to the Personnel 
Officer, Ferranti Ltd., Ferry Road, 
Edinburgh 5, quoting the appro- 
priate reference number. 


THE GENERAL ELECTRIC COMPANY LIMITED 
ATOMIC ENERGY DIVISION 





ANALOGUE COMPUTER ENGINEER 


Due to the expansion of computer facilities a vacancy exists 
for a senior engineer with extensive experience in analogue 
computer techniques. 


Qualifications to degree standard or equivalent are desirable. 
Apply stating age, experience, and qualifications to: 
Personnel Manager (PL/C), 


The General Electric Company Limited, 
Erith, Kent. 














ELLIOTT BROTHERS 
(LONDON) LIMITED 


AUTOMATION 


Engineering staff in all grades up to executive status are 
needed for an organization developing automatic controls 
in the PRESTON area. Applicants should have had experience 
on electronic instruments or servo control systems or 
analogue computers. Experience of aircraft systems would 
be a great advantage. Opportunities will exist for transfer 
of suitable staff to the Company’s main laboratories at 
Borehamwood, Herts. 


Applications should be addressed to:- 
The Personnel Manager (Ref: 080), 
Elliott Brothers (London) Limited, 
Elstree Way, Borehamwood, Herts. 
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[ Plessey | 





the most rapidly expanding nuclear instrument 
company in Great Britain requires more 


ELECTRONICS DEVELOPMEMT 


STAFF 


to design equipment for reactor control 
health hazard measurement and 
nuclear physics research. 


Commencing salaries:- 


electronics engineers 
junior engineers 
senior draughtsmen 
junior draughtsmen 


£850 to £1,200 p.a. 
up to £15 p.w. 
£800 to £1,000 p.a. 
up to £15 p.w. 


previous experience in nucleonics an advantage, 
but a growing industry needs new recruits. 


This may be YOUR opportunity. 


Please apply for further information :- 


Personnel Dept., 


Plessey Nucleonics Ltd., 
Northampton. 





BLACKBURN AIRCRAFT 


require 


(a) DEPUTY CHIEF ESTIMATOR for their Commer- 
cial Electronics Division. Candidates must have previous 
experience and be fully capable of preparing prices from 
circuit diagrams, drawings and schemes. The position is 
an important one, responsible to the Company’s Chief 
Estimator. Good commencing salary and prospects. 
Pension Scheme. 


(b) CONTRACTS OFFICER for their non-aircraft 
activities, including Commercial Electronics. Candidates 
must have had previous experience in handling commercial 
transactions, preferably in electronics or work of a similar 
nature with a substantial organization. The successful 
applicant will be responsible for quotations ‘and negotiations 
in connection with the contract side of the business, and 
should have a knowledge of commercial practice and law 
as well as a pleasant personality and the ability to deal with 
important contractors and Government Departments. 


Please reply in both instances, giving age, details of experience 
and present salary, to: 
The Secretary, 
Blackburn and General Aircraft Ltd., 
Brough, Yorkshire. 











INDUSTRIAL 


DIVISION 





Brush Electrical Engineering Co. Ltd., a member of the 
Hawker Siddeley Group, have the following vacancies for 


Senior Research 
Engineers 


in their Electronics Laboratories at Loughborough. 


Electronic Systems Engineer 


to take charge of a group developing computing, control and data 
handling systems. 


Computer Applications Engineer 
or Mathematician 
to be responsible for the application of a small digital computer and a 


small analogue computer to the Company's engineering design work. 


The normal qualifications required for a senior post include an Honours 
Degree or equivalent qualification, and several years experience in a 
related field. 


Vacancies also exist for Research Engineers to work in the 
fields of Electronic Instrumentation, Computing and Control. 


Applications which will be treated in the strictest confidence, should 
give brief personal details, particulars of training and previous experience 
and be addressed to the:- 


Chief Personnel Officer 
Brush Electrical Engineering Company Limited 


Loughborough, Leics. 
quoting reference: R 5065. 

















ENGLISH ELECTRIC 
ATOMIC POWER DIVISION 


REACTOR ENGINEERING DEPARTMENT 
Whetstone, near Leicester 


PERFORMANCE AND CONTROL OF NUCLEAR 
POWER STATIONS 


Several vacancies both Junior and Senior arise in the 
department engaged in this work. In particular we need: 


ENGINEERS OR PHYS- involve the solution of many 
ICISTS to undertake perform- novel and interesting problems. 
ance calculations with special i 

reference to reactor optimisa- ago lg HF . - 
tion, economics and cost fore- control problems. This will 


casting. Also to investigate include the formulation and 
improvements in the computa- functional specification of con- 
tional techniques of nuclear trol systems for reactors and 
power station optimisation. complete power stations. Much 

of this control will be automatic, 
PHYSICISTS OR MATHE- and _ investigation of loop 
MATICIANS to take part in stability, transient responses, 
theoretical work on _ various operational sequences, and plant 
aspects of nuclear design and safety under fault conditions will 
reactor physics. The work will be required. 


Digital and analogue computing facilities are available for aiding the 
solution of nuclear, performance and control problems. 


Senior candidates will probably be 27-32 years of age, with a good degree. 
They will generally be placed in charge of a small group devoted to some 
vital aspect of design. In the case of control engineers, familiarity with 
basic control theory and some appreciation of heat-flow problems would 
be especially valuable. 


Junior candidates should have sound basic academic qualifications in 
their subject, though in the case of engineers, a degree is not essential, if 
suitable industrial experience exists. 


Previous experience in this field, though a considerable asset, particularly 
for senior applicants, is not essential, as training can be given. Initiative, 
ability to become “‘self-propelled’’, and a keen desire to learn about the 
whole project are characteristics which will be considered as important as 
technical qualifications. 


If you feel you are suitably qualified, and would like to become a member 
of the team that designed and are now building the world’s largest Nuclear 
Power Station at Hinkley Point, then write giving details of qualifications 
and experience to Dept. C.P.S., Marconi House, 336-7 Strand. W.C.2, 
quoting reference EE1895D. 
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Hawker Siddeley SaAaRnAnate 








A. V. ROE & CO. LIMITED, 


have vacancies for 


ELECTRONIC ENGINEERS 


in the Computer Group, 
of their 


WEAPONS RESEARCH DIVISION, 


as follows:- 


1. SENIOR ENGINEERS 


(a) for circuitry design on simulators, 


(b) for circuitry design on digital computers with special 
knowledge of transistor circuitry. 


2. JUNIOR ENGINEERS 


to assist in the above projects. 


3. TECHNICIANS 


to assist in design development and to take maintenance 
responsibilities on existing machines. 
QUALIFICATIONS: Applicants for positions 1 and 2 
should possess a Degree or Higher National Certificate 
and have had experience in the design of electronic apparatus 
and preferably in the design of simulators and digital 
computers. 

Applications for position 3 must have either a Higher 
National Certificate or have had experience with electronic 
apparatus in general. 


Applications, quoting ref. WRD/EE/R.63/E should be sent to:- 
POST 1 POSTS 2 & 3 
The Chief Engineer, The Personnel Manager, 
A. V. ROE & CO. LTD., | A. V. ROE & CO. LTD., 
W.R.D., Greengate, 
Woodford, Cheshire. Middleton, Manchester. 











ENGINEERS 


Are required to lead or work as Members of teams engaged 
on Research, Design and Development of mechanical and 
electro-mechanical equipment of a unique and unorthodox 
nature. 


The work covers a wide field including laboratory in- 
struments, design of special equipment and acceptance 
testing of associated equipment. Equipment to be designed 
entails use of special materials and requires unusual design 
techniques. 


A recognised engineering apprenticeship is required with 
several years’ experience of design work and Corporate 
Membership of a Senior Engineering Institution. 


The appointments are at various levels depending on 
ability and experience. 


SALARY :—Will be assessed within the range £845— 
£1,800. 


Contributory Superannuation Scheme. A _ house or 
alternatively substantial assistance with house purchase 
will become available for married officers living beyond 
daily travelling distance. 


POSTCARDS for application forms to the Senior Recruitment 
Officer at 
Atomic Weapons Research Establishment 
ALDERMASTON, BERKS. 
Please quote ref. A.2099/42 





THE DE HAVILLAND ENGINE COMPANY LIMITED 


has vacancies for qualified 


Electronic Engineers 


; , elie — 
The work is concerned with specialized equipment for 
development and research on Rocket Motors and Gas 
Turbine Engines. 


Applicants should preferably possess a degree, but appropriate 
experience in this field will be considered of equal importance. 
Applications, quoting reference SC 840, should give full 
details of qualifications and experience and be sent to: 
The Personnel Officer, 
The de Havilland Engine Company Limited, 
Manor Road, HATFIELD, Herts. 








G. V. PLANER LTD. 


Consultants & Research Laboratories in 
Electrical Materials and Components 


WINDMILL ROAD, SUNBURY-ON-THAMES 
MIDDLESEX 


Applications are invited from Physicists or Physical Chemists for senior 
research appointments in the following fields: 


(a) Semiconductors. 
(b) Electrical and magnetic ceramics. 
(c) Printed electronic circuits. 


Starting salaries are between £1,200 and £2,000 according to background. 
Good qualifications and experience essential. The posts offer consider- 
able scope for advancement in a progressive and rapidly expanding firm: 
Situation within easy reach of London. Pension scheme. 











Ferranti Ltd. 
WYTHENSHAWE, MANCHESTER 


has a vacancy for an 


ELECTRONICS 
ENGINEER 


Applicants must be thoroughly familiar with pulse or digital 
techniques and preferably of Graduate or HNC status. 


The work involved is of a particularly interesting character 
and will include the production of descriptive and technical 
reports and installation, testing and operating schedules, for 
complex electronic equipment associated with the “Blood- 
hound” Guided Weapon systems.. A certain amount of 
lecturing will be required in connection with training 
Service personnel, etc. 


The Wythenshawe premises of the Company are located in 
pleasant surroundings on the Cheshire boundary with easy 
access to rural areas. The appointment carries a salary 
fully commensurate with experience and qualifications. A 
Staff Pension Scheme and an Instalment Assurance Scheme 
are in operation. 


Forms of application can be obtained from T. J. Lunt, 
Staff Manager 


FERRANTI LTD., HOLLINWOOD, LANCS. 


Please quote reference JARL. 
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MULLARD RESEARCH LABORATORIES 


Vacancies exist in the 


ELECTRONICS DIVISION 


for 


HONOURS PHYSICISTS 
and ELECTRICAL ENGINEERS 


preferably with some previous research experience. 


The work is extremely varied and ranges from 
research into new circuits to system design and 
engineering. It includes specific projects and also 
technique studies on high-speed computing, data 
storage, nuclear magnetic resonance techniques, 
ultrasonics and optics. 

The posts carry attractive and progressive salaries 
combined with excellent conditions of employment, 
including superannuation and life assurance. 
Applicants should write, quoting ref. JHR, to 


Mr. G. A. Taylor, 


MULLARD RESEARCH LABORATORIES 
Cross Oak Lane, Salfords, near Redhill, 
Surrey. 








ELECTRONIC DEVELOPMENT ENGINEERS 


and 


DESIGN DRAUGHTSMEN 


possessing Degree or equivalent 
are required for the following projects: 
Domestic Television Receivers 
Broadcast and industrial Television Systems 
A new range of Electronic Instruments 
Excellent salaries and working conditions. 


Canteen. Social Club. Staff Pension Scheme. 
Some accommodation available for married men. 


APPLY: 
Chief Engineer, 


PETO SCOTT ELECTRICAL INSTRUMENTS LTD. 
Addlestone Road, Weybridge, Surrey. 








TRANSISTOR CIRCUIT ENGINEERS 
ENGLISH ELECTRIC 


require 


DEVELOPMENT ENGINEERS 


to apply transistor techniques to data processing and industrial control 
equipment at their new laboratories pleasantly located on the Staffs/ 
Cheshire border. Applicants should be of degree or equivalent standard 
and have had previous experience of transistor circuitry. 


Attractive pension and life assurance scheme, and unfurnished tenancy 
of recently built houses available after an initial period. 


Please apply with full details of qualifications and experience to Dept, 
C.P.S., Marconi House, 336/7 Strand, London, W.C.2., quoting reference 
EE 306R. 








MSL have been retained to advise on the appointment of a 


CHIEF DEVELOPMENT ENGINEER 
(Special purpose thermionic valves) 


for the development and design department of the valve 
division of a large public company in the London area. 
Originally he will report to the Chief Engineer of the division, 
and will be responsible for the direction and control of 
approximately 30 technicians engaged in the design, 
development and prototype manufacture of special purpose 
thermionic valves and cathode ray tubes for use in industry 
and the services: his duties will include customer contact 
and liaison. Future plans, which the successful applicant 
is expected to consolidate, should provide opportunities for 
his advancement into divisional management. 


Candidates aged between 35 and 45, preferably with good 
academic qualifications, must have between 5—10 years’ 
experience of research and development in the special valve 
field and must have been responsible for leading a team of 
technicians in this work. Experience of customer liaison 
and applications engineering will be an important asset. 


Initial salary £2,000—£2,500. 


Please send brief details in confidence, quoting reference 
MM.1621, to D. M. Sidney. In no circumstances will a 
candidate’s identity be disclosed to the company concerned 
unless he gives permission after a confidential interview 
at which he will be given full details of the appointment. 


MANAGEMENT SELECTION LIMITED 
17, Stratton Street, London, W.1. 











AMERICAN COMPANY 


DESIRES TO PURCHASE 


SMALL U.K. 
ELECTRONICS COMPANY 


WITH A VIEW TO EXPANSION 
AND DIVERSIFICATION 


The Company should range between 50 to 
200 employees and have good reputation 
and connections. 


Surplus production facilities and capable 
management essential. Existing manage- 
ment would be retained. 


Replies, which will be treated in strict confidence, 
from Principals only, to:- 


BOX EE.415 
c/o 191 - GRESHAM HOUSE ° E.C.2 
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EE 9259 for further details 


PULSE GENERATOR 


TYPE 302A 


General ; Wf 
INSTRUMENT. 


4 amp. peak current available in output 















0 to 100 volts continuously variable output 


Fully Regulated Internal D.C. supplies 
EEN Se ENR NABEE a 
SPECIFICATION: 


Oscillator frequency: 10 c/s to | me/s. 
Low output impedance Delay: 0.3 us. to 10 ms. 
GOED 0 2 ee 


Pulse width: 0.1 ws. to 10 ms. ALSO AVAILABLE 
Pulse amplitude: 


< 7) (positive or negative) 9 %° 30,volts into 75 ohms. DOUBLE PULSE GENERATOR 
Square waves: 10 c/s to I me/s. TRANSISTOR ANALYSER 
for, The instrument can be synchronised or STABILISED POWER SUPPLIES 
? triggered from an external source. 
both high voltage and low voltage giving 
cutput currents of 50 mA. to 10 amps. 
KASAMA ELECTRONICS LTD. 


Rise Times of 0.015 ,S 





Extremely small jitter 














ILEX WORKS, 10, NORTHWOLD ROAD, LONDON, NI6 
Telephone: STAmford Hill 3513 





HED Transformers are designed to 


EE) AND ELECTRICAL | tits, ition” thay ts 
“oe toa 
EQ U | Pp M & NT pence neering The range includes 


Transformers up to and including 


200 kVA, oil and air-cooled. 
HIGH-SPEED CONTACTORS 


Single-pole contactors for use on AC and DC 
for current loads ranging from 20-1,200 amps 
and voltages of 500 volts A C and 125 volts DC. 
Can be mounted as double- or triple-pole con- 


PRECISION WELDING TRANSFORMERS 





SATURABLE REACTORS 


Saturable Reactors are finding ar increasing 
application in the control of DC and AC power 
sources and are manufactured up to and including 
200 kW. As they are, completely stepless they 
have many advantages over other types of power 











tactors if required. controllers. 
IT TT aaa b.- , 
MAGNETISING EQUIPMENT BH’ WELDING HEAD 
With HED ignitron magnetising equip- This head has many uses in various 
ment engineers have available large industries such as Valve, Transistor 






currents (up to 150,000 amps) controlled 
by a micro-switch triggering an ignitron 
valve in an electronic circuit. The pulse 
current is amplified by specially con- 
structed transformers. 


mite HOt P MM Aang ay 
TO Freee ss caer 


manufacture, Resistances, Watches, 
Clocks and Meters, also for the manu- 
facture of jewellery and in dentistry. 








WELDING AND ASSEMBLY 


BENCHES Fitted with two ‘BH’ 
welding heads, and transformers, 
heat controls, tap switches, 
fluorescent lighting and air con- 
ditioning. Can also be supplied 
with single head, or for special 
requirements. 


Illustrated leaflets available on request 


HIRST ELECTRONIC LTD 


GATWICK ROAD + CRAWLEY +: SUSSEX 
Telephone : Crawley 25721 -2-3 





EE 9360 for further details 
ELECTRONIC ENGINEERING 202 MAY 1959 
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Hydraulic Infinitely 
Variable Speed Drives 
with these advantages 


Wide infinitely variable speed range (approximately 27/1 on full load). 
Sensitive speed control by Hand, Electrical or Lever arrangements. 
Constant output torque throughout the entire variable speed range. 
Positive displacement action ensures ‘controlability’ at all speeds. 
Carter Gears may be used to pick up loads from zero r.p.m. 
Controls may be operated with the drive either running or stationary. 
Made in ten sizes for fractional up to thirty-five horsepower drives. 


Flange mounted reduction gears can be supplied for slow speed drives. 
Compact, efficient, easy to install and simple to maintain in service. 
Entirely self lubricating since oil is the power transmitting medium. 
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Capacitance List Joint Service 1 
UF + 25% | Cat. No. Patt. _ 
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WI 97 — a unique, vibration and acceleration 


resistant capacitor 





Style 


Number Re’ 








200 volts D.C. Working 


u BSOOOKZ J} 5910-99-01 1-9827 
25 BSOIOKZ | 5910-99-01 1-9830 
5 BSO20KZ | 5910-99-01 1-9833 
BS5030KZ | 5910-99-01 1-9836 
BSO040KZ | 5910-99-01 1-9839 





250 volts D.C. Working 


0.05 BSOSOKZ | 5910-99-01 1-9825 
0.1 BSO60KZ | 5910-99-01 1-9828 
0.25 BSO70KZ | 5910-99-01 1-983! 
0.5 BSO80KZ | 5910-99-01 1-9834 
1 BSO90KZ | 5910-99-01 |-9837 
2 BSIOOKZ | 5910-99-01 1-9840 








400 volts D.C. Working 


0.05 BSIIOKZ | 5910-99-01 1-9826 
0.1 BSI20KZ | 5910-99-01 1-9829 
0.25 BSI30KZ | 5910-99-01 1-9832 
0.5 BSI40KZ | 5910-99-01 1-9835 
! BSISOKZ | 5910-99-01 1-9838 














A. H. HUNT (Capacitors) LTD. 
Factories also in Essex, Surrey and North Wales 


1959 
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It’s the W197 capacitor, by Hunts — 
the only High Capacitance Miniature 
Metallised Paper Capacitor with 
Joint Services approval to Humidity 
Class H1 and Temperature Category 
55/100. 

The special construction of Type 
W197 produces a solid mass, strongly 
resistant to vibration and conditions 
of high acceleration. Together with 
Type W97, already well proven, it 
provides a capacitance range from 
50pf to 2uF. 

Full details freely available on request. 


WANDSWORTH LONDON 'S.W.18 
Tel: VANdyke 6454 
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Up to 10 times longer bit life 


with Type 7 Alloy 





Ersin Multicore Savbit Type 1 Alloy incorporates a s 
Me The left hand bit was used with Savbit 
alloy and has made 10,000 joints. The 
centre bit was used for 1,000 joints and 
the bit on the right for 7,500 joints, each 
with a standard tinllead alloy. 


small percentage of cc »per, thus preventing absorption 
of copper from the soldering iron bit and extending the 
life of copper bits up to 10 times. 

Savbit does not reduce soldering speed; in fact, by 
keeping the soldering iron bits in good condition it 
actually increases soldering efficiency. It has been 
tested and proved on many production lines. Write for 


further information to the Multicore Service Department. 


Ersin Multicore Savbit Alloy is uscd by 
Bush Radio Ltd., in the manufacture ofp 
their new push button television receivers. 





SAVBIT FOR FACTORIES 


Ersin Multicore Savbit 
Type 1 alloy containing § 
Cores of non-corrosive 
flux is supplied to factories 
at bulk prices on 7 Ib. reels. 
16 and 18 s.w.g. are the 
diameters most suitable 
for the majority of solder- 
ing processes. Supplies 
are also available on 1 Ib. 


SAVBIT FOR THE 
SMALL USER 


The Size 1 Carton contains 
mg ae ft. of 18 
s.w.g. SAVBIT. It is also 
supplied in 14 s.w.g. and 16 
s.w.g. Obtainable from radio 

and electrical stores. Ersin 
Multicore 5-Core Solder is & 
also supplied in 4 specifica- us 
tions of Standard Tin/Lead Nay 
alloys. < 
Price 5/- each (subject). 


SAVBIT FOR THE 


SERVICE ENGINEER 
Approx. 170 ft. of 18 
s.w.g. SAVBIT is sup- 
plied on a 1 Ib. reel 
packed ina carton. Price 
15§/- each (subject). 





SPECIAL HIGH AND LOW 
MELTING POINT SOLDERS 
Comsol (Melting point 296°C) 
P.T. (Melting point 232°C) 
L.M.P. (Melting point 179°C) 
T.L.C. (Melting point 145°C) 


STANDARD TIN/LEAD ALLOYS 


Ersin Multicore 5-core Solder is 
available in the following standard 
alloys: 

60/40, 50/50, 45/55, 40/60, 30/70, 
and 20/80 and in 9 gauges on 7 Ib. 
and 1 Ib. reels. 


HOME CONSTRUCTOR’S 
2/6 PACK 


Now available containing 
alternative specifications: 
19 ft. of 18 s.w.g. 60/40 
alloy or, for soldering 
printed circuits, 40 ft. of 
22 s.w.g. 60/40 alloy. Both 
wound on Reels. 2/6 each 
(subject). 





Bib WIRE STRIPPER AND 
= CUTTER 


This 3 in 1 tool strips 
insulation without nick- 
ing the wire, cuts wire 
cleanly and splits plastic 
extruded twin flex. Ad- 
justable to most wire 
thicknesses. 

3/6 each (subject). 








Bib RECORDING TAPE 
SPLICER 


Recording enthusiasts can effect con- 
siderable tape economies with this 
splicer. It makes the accurate 

jointing of tape so simple 

and quick that every 

scrap can 

be used. 

18/6 each 

(subject). 





A free copy of an interesting 
article ‘‘How to Edit Tape 
Recordings’’ will be sent you 
if you will kindly send us a 
stamped addressed envelope. 








MULTICORE SOLDERS LIMITED, MULTICORE WORKS, HEMEL HEMPSTEAD, HERTS. (BOXMOOR 3636) 
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